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Introduction 


Technician Certification for Refrigerants provides information on the recovery of refrigerants from air con- 
ditioning and refrigeration equipment. This third edition is specifically organized and formatted for 
easy use in preparing learners for the Type I, Type II, Type III, and Universal 608 refrigerant certification 
card tests and the Canadian ODP certification card test. Vignettes on technical topics, Environmental 
Protection Agency (EPA) standards, and common refrigerant recovery and charging procedures are located 
throughout the book to enhance understanding of the content covered. 


This textbook includes information on the latest generation of refrigerants and the most up-to-date 
EPA and Environment Canada standards and regulations. Chapters 1-7, 9, 11, 13, 15, and 17 offer a com- 
prehensive learning experience that includes numerous illustrations, discussion questions, and review 
questions (certification-test based). Chapters 8, 10, 12, 14, and 16 contain hundreds of updated sample 
608 and Canadian certification test questions. Chapter 18 is a sample Universal Certification Test that 
has also been updated for the third edition. 


The Appendix contains useful refrigerant recovery charts and compliance forms. The Glossary provides 
definitions for key terms found throughout the book. 


6 


Recovery: Recycling. g Discussion questions 
offer a review of 
specific chapter topics. 


and Reclaiming 


Chapter introductions pre- 
view content to be covered. 


Detailed figures indicate 
procedures and/or safety 
precautions that are re- 
quired when performing 
a task. 


Vignettes provide supplemental 
information related to topics 
discussed. 


Review questions are certification- 
type worded questions that cover 
chapter content. 


Refrigerant and cylinder 
forms and labels are 


identified. 


Digital Resources 
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Digital learner resources enhance book content and can be accessed by the following: 


e ATPeResources.com/QuickLinks and entering the QuickLink™ code: 827160 


Quick Response (QR) Code reader app to scan the QR Code on a mobile device 


aT 


ie Quick Quizzes® 
LEGANICIAN 3 
CERSIFICATION illustrated Glossary 
j 


| Flash Cards 


» 1 Sample Certification Tests 


4TECHNICIAN RE j | Interactive Animations 
=ERTIEICATION f F 
., eae Wi Step-by-Step Procedures 
= A 7 P Compliance Forms 
Media Library 
ATPeResources.com 


Quick Quizzes® that provide 10 interactive questions for each chapter to reinforce fundamental concepts 
An Illustrated Glossary of terms, with links to selected illustrations 

Flash Cards for the review of common refrigerant and HVAC terms, definitions, and refrigeration 
system test tools 

Sample Certification Tests organized into five 25-question tests that provide practice with refrigera- 
tion certification tests in the United States and refrigerant-handling certification tests in Canada 
Interactive Animations that present refrigerant recovery procedures for Type I and Type II refrigera- 
tion systems per Section 608 of the Clean Air Act 

Step-by-Step Procedures that cover common refrigerant-handling tasks with drawings and concise text 
Compliance Forms that provide documentation for purchasing and working with refrigerants 

A Media Library that depicts principles and tasks using media clips and animations 
ATPeResources.com, which provides a comprehensive array of instructional resources 


To obtain information about related training products, visit the American Technical Publishers website 
at www.atplearning.com. 
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Refrigeration is h Blocess l 
of moving heat from an area 
-~ where it Is undesirable to an 
area where it is not objection- 
- able. Refrigeration Is based on 
a law of physics that states that 
matter gains or loses heat when 
it changes state. The two main | 
types of refrigeration processes 
are mechanical compression 
and absorption. The refrigerants 
that are affected by the Clean 
Air Act are refrigerants used in 
mechanical compression sys- 
tems. At this time the Clean Air 
Act does not cover the refrig- 
erants used in absorption-type 
refrigeration systems. 


Leer ems to Tie 


not objectionable. 
saand law of T m 


the absorption and rejection of heat 
by the refrigerant. The low-pressure 


side of a refrigeration system decreases 
the temperature and pressure of the re- 
frigerant, which allows the refrigerant 
to absorb heat from the medium (air 
or water) in the system. Air or water 
is cooled when heat is absorbed by the 
refrigerant. The air or water is then 
used for cooling building spaces. The 
high-pressure side of a refrigeration 


system increases the temperature and 
pressure on the refrigerant, which 
causes the refrigerant to reject heat 
to the air or water in the system. The 
heated air or water is used to remove 
heat to the atmosphere. 

Refrigeration applications include 
commercial and industrial refriger- 
ation and air conditioning. A com- 
mercial or industrial refrigeration 
system uses mechanical equipment to 
produce a refrigeration effect for ap- 
plications other than human comfort. 
An air conditioning system also uses 
mechanical equipment to produce a 
refrigeration effect to maintain com- 
fort within a building space. 


According to Section 608 of the Clean Air 
Act, all refrigerant recovery and/or recycling 
equipment now manufactured must be certified 
and labeled by an EPA-approved equipment 
testing organization to meet EPA standards. 
This covers all air conditioning and refrigeration 
| equipment containing CFC and HCFC re- 
| frigerants. 
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MECHANICAL COMPRESSION 
REFRIGERATION 


Figure 1-1. A mechanical 
compression refrigeration 
system uses mechanical 
equipment to produce a re- 
frigeration effect. 


chanical equipment. A mechanical 


compression refrigeration system 
consists of a compressor, condenser, 
expansion device, evaporator, re- 
frigerant lines, and accessories that 
contain refrigerant. See Figure 1-1. 


the system. A refrigerant is a fluid that 
is used for transferring heat in a refrig- 
eration system. Most refrigerants have 
a low boiling (vaporization) point. 
Low-boiling-point refrigerants boil 
and vaporize at room temperature. 


frigerant vapor. High-pressure refrig- 
erant vapor flows through a condenser 
and the condensing medium passes 


ACCESSORIES 


CONDENSER 


across the outside of the condenser. 
Heat flows from the hot refrigerant 
vapor to the cold condensing medi- 


um. A condensing medium is a fluid (air 


or water) that has a lower temperature 
he ref a 


ondensing 
mediums remove heat from refriger- 
ants because the mediums have lower 
temperatures than the refrigerants. 
Air and water are condensing medi- 
ums used in refrigeration systems. As 
refrigerant vapor gives up heat to the 
condensing medium moving across a 
condenser, the refrigerant vapor con- 
denses to a liquid. 


aiaa na - 


cme i 
of liquid refrigerant by allowing the 
refrigerant to expand. As the pressure of 


the liquid refrigerant decreases, some of 
the liquid refrigerant vaporizes because 
of its lowered boiling point. The vapor- 
izing refrigerant absorbs heat from the 
liquid refrigerant, which cools the liq- 
uid refrigerant. The cooled refrigerant 
then flows as a liquid or liquid-vapor 
mixture to the evaporator. 


Lennox Industries Inc. 


REFRIGERANT 
LINES 


Eana er em 


‘nitasisalichideiainiaarte Low-pres 
sure liquid refrigerant flows through 


the evaporator as an evaporating me- 
dium passes across the outside of the 
evaporator. Heat flows from the warm 
evaporating medium to the lower tem- 


perature refrigerant. An evaporating 
mediu m i A f] id a O Wate ) a is 


medi 


An evaporating medium adds heat to 
refrigerant because the medium has a 
higher temperature than the refriger- 
ant. As the liquid refrigerant absorbs 
heat from the evaporating medium, 
the refrigerant boils and vaporizes. 
Refrigerant piping carries refrigerant 
and connects the components of a 
mechanical compression refrigeration 
system. Accessories monitor and adjust 
the system to ensure proper operation. 


Pressure-lemperature 
Relationships 

Pressure is the force per unit of area 
that is exerted by an object or a flu- 
id. Pressure is expressed in pounds 


pressure is the force exerted by the 
weight of the atmosphere on the 
surface of the Earth. Atmospheric 
pressure is measured at sea level and 
is normally expressed in pounds 
per square inch absolute (14.696 
psia). See Figure 1-2. Atmospheric 
pressure is measured precisely with a 
mercury barometer. 

A mercury barometer is an instru- 
ment used to measure atmospheric 
pressure and is calibrated in inches 
of mercury absolute (in. Hg abs). 
A mercury barometer consists of a 
glass tube that is closed on one end 
and filled completely with mercury. 
The tube is inverted in a dish of 
mercury. A vacuum is created at the 
top of the tube as the mercury tries 
to run out of the tube. 
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Vacuum is any pressure lower than 
atmospheric pressure. Vacuum is 
expressed in inches of mercury (in. 
Hg) or microns. The pressure of the 
atmosphere on the mercury in the 
open dish prevents the mercury in 
the tube from running out of the 
tube. The height of the mercury in 
the tube corresponds to the pressure 
of the atmosphere on the mercury 
in the open dish. Minute pressure 
changes can be expressed in microns. 


INCHES OF MERCURY 


ABSOLUTE y VACUUM 


INCHES 
MERCURY 


ATMOSPHERIC 
PRESSURE 


MERCURY 


Eo A A 


sor psa 8 
PSIG ABS" 
2 Atmosphere | 14.696 | 29.392) 59.84 
14.696} 29.92 


1 Atmosphere 


Figure 1-2. A mercury barom- 
eter is an instrument used to 
measure atmospheric pressure 
and is calibrated in inches of 


mercury absolute. 
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Gauge pressure is pressure above at- 


mospheric pressure that is used to ex- 
press pressures inside a closed system. 
Gauge pressure is expressed in pounds 
per square inch gauge (psig or psi). 


Absolute pressure is any pressure above 
a perfect vacuum (0 psia). Absolute 


pressure is the sum of gauge pressure 
plus atmospheric pressure. Absolute 
pressure is expressed in pounds per 
square inch absolute (psia). 

Pressure outside a closed system, 
such as normal air pressure, is ex- 
pressed in pounds per square inch 
absolute. The difference between 
gauge pressure and absolute pressure 
is the pressure of the atmosphere at 
sea level with standard conditions 
(14.7 psia). A pressure gauge reads 
0 psi at normal atmospheric pressure. 
To find absolute pressure when gauge 
pressure is known, add the atmo- 
spheric pressure of 14.7 to the gauge 
pressure. Absolute pressure is found 
by applying the formula: 


psia = psi + 14.7 


where 


psia = pounds per square inch absolute 
pst = pounds per square inch gauge 
14.7 = constant 


Yellow Jacket Div., Ritchie Engineering Co., Inc. 


A low-pressure gauge is calibrated in pounds per square inch (psi) from O psi 
to 120 psi, and in inches of mercury (in. Hg) vacuum from 0 in. Hg to 30 in. Hg 
and is color coded blue. A high-pressure gauge is calibrated in psi from 0 psi 
to 500 psi and is color coded red. 


Refrigerant pressure gauges often have the cor- 
responding saturation temperatures printed on 
the dial of the gauge for one or more refriger 
ants. Refrigerantspecific gauges will show the 
corresponding temperature of a refrigerant at a 
given pressure. Bourdon tube pressure gauges 
are often liquicfilled for surge protection. 


Example: Finding Absolute 
Pressure 

A gauge reads 68 psi on the low-pressure 
side of an operating refrigeration sys- 
tem. Find the absolute pressure. 


psia = psi + 14.7 
psia = 68 + 14.7 
psia = 82.7 psia 

Li: is the temperature at 
which a liquid vaporizes. The boiling 
point of a liquid is directly related 
to the pressure on the liquid. See 
Figure 1-3. If the pressure on a liquid 
increases, the boiling point will be 
higher. If the pressure on a liquid de- 
creases, the boiling point of the liquid 
will be lower. For example, at 14.7 psia, 
the boiling point of water is 212°F. 
If the pressure on the water is in- 
creased, the boiling point of the water 
will be higher. At 29.8 psia, the boil- 
ing point of water is 250°F. If the 
pressure on the water is decreased, 
the boiling point of water will be low- 
er. At 11.0 in. Hg or 9.3 psia (vacuum), 
the boiling point of water is 190°F. 
Condensing point is the temperature 
at which a vapor condenses to a liq- 
uid. If the pressure on a vapor decreas- 
es, the temperature at which the vapor 
condenses into a liquid decreases. If 
the pressure on a vapor increases, 
the temperature at which the vapor 
condenses into a liquid increases. 
All substances follow this pressure- 
temperature relationship. 
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212°F BOILING POINT 
(ATMOSPHERIC PRESSURE) 


$ $ ee 


INCREASED 
TO 29.8 PSIA 


a, 
\@ 


e 


250°F BOILING POINT 
¢ (INCREASED PRESSURE) 


4 a 


PRESSURE 
DECREASED 
TO 11.0 IN Hg 
{| OR9.3PSIA 


WATER 


40°F BOILING POINT 
(DECREASED PRESSURE) 
SESE Le Cc SITE DE SRS SSS oes | 


Figure 1-3. The boiling point of a liquid is 
directly related to the pressure on the liquid. 


Heat Transfer 

In a mechanical compression refriger- 
ation system, heat transfer occurs in 
the condenser and the evaporator. In 
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the condenser, heat is transferred from 
the refrigerant that flows through the 
condenser to the condensing medium 
that passes across the outside of the 
condenser. The refrigerant condenses 
as heat is rejected to the condensing 
medium. The heat transfer process of 
the condenser heats the condensing 
medium. See Figure 1-4. 

In the evaporator, heat is transferred 
from the evaporating medium that pass- 
es across the outside of the evaporator 
to the refrigerant that flows through the 
evaporator. The refrigerant vaporizes as 
heat is absorbed from the evaporating 
medium. The evaporating medium 
(building air or water) is cooled by the 
evaporator heat transfer process. 


Pressure Control 


Mechanical compression refrigeration 
systems have a high-pressure side and a 
low-pressure side. Pressure is controlled 
in the low-pressure side by reduced 
refrigerant flow controlled by the ex- 
pansion device, and by the suction of 
the compressor. See Figure 1-5. 

An expansion valve meters the flow 
of refrigerant in a refrigeration system. 
Expansion valves are located just be- 
fore the evaporator in the liquid line. 
The liquid line is the refrigerant pipe 
or tubing that connects the condenser 
outlet and the expansion device. 

As liquid refrigerant flows through 
an expansion valve, the pressure of 
the refrigerant is decreased. The de- 
creased pressure causes some of the 
refrigerant to vaporize. The vaporized 
refrigerant draws heat away from the 
rest of the liquid refrigerant, decreas- 
ing the liquid refrigerant tempera- 
ture. See Figure 1-6. The liquid-vapor 
mixture flows from the expansion 
valve directly into the evaporator. 
The pressure of the refrigerant re- 
mains basically the same through the 
low-pressure side of the system except 
for minor pressure drops caused by 
the evaporator, lines, and fittings. 


Discussions on the phase- 
out of R-1 34a have been 
started by the White 
House. Refrigerant HFO- 
123YF is the leading 
alternative to replace 
R-1 34a at this time. 
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Figure 1-4. In a mechanical compression refrigeration system, heat transfer occurs in the condenser 
and evaporator. 
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Figure 1-5. Pressure is controlled in a refrigeration system by the expansion valve controlling the 
refrigerant flow and by the suction of the compressor. 
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L HIGH-PRESSURE 
LIQUID REFRIGERANT 
FROM COMPRESSOR 


L EXPANSION VALVE 
(DEVICE) 


Figure 1-6. As liquid refrigerant flows through an expansion valve, the pressure of the refrigerant 
is decreased, causing some of the refrigerant to vaporize. 


Coe :: the 
lower pressure created at the suction 


port of a compressor as refrigerant 
is drawn into the compressor. The 
compressor suction maintains the low 
pressure in the low-pressure side of 
the system. Because refrigerant vapor 
is drawn out of the evaporator to the 
inlet of the compressor (suction port) 
as fast as the refrigerant is introduced 
through the expansion valve, the 
pressure on the low-pressure side of 
the system remains basically constant. 

Compressor discharge flow main- 
tains the high pressure in the high- 
pressure side of a refrigeration system. 
Refrigerant leaves the system evap- 
orator as a vapor and flows to the 
compressor. Compressor discharge pressure 
is the pressure created by the resistance 
to flow of the refrigerant when dis- 
charged from the compressor. 

The refrigerant vapor is compressed 
in the compressor and is pushed from 
the compressor at a higher pressure. 
See Figure 1-7. Because the refrigerant 
absorbs heat from the compression 
process and possibly the compressor 
motor windings, the refrigerant that 
leaves the compressor is hotter than 
the refrigerant in the rest of the re- 
frigeration system. The hot refrigerant 


vapor discharged from the compres- 
sor flows to the condenser. The pres- 
sure in the high-pressure side of the 
system is constant except for minor 
pressure drops created by the friction 
of fittings and refrigerant lines. 

Due to the low pressure in the evap- 
orator and compressor suction port, 
the temperature of the refrigerant is 
decreased to a temperature lower than 
the temperature of the evaporating 
medium. The temperature difference 
causes heat to flow from the evap- 
orating medium to the refrigerant. 
Because of the high pressure in the 
compressor discharge port and con- 
denser, the temperature of the refrig- 
erant is increased to a temperature 
higher than the temperature of the 
condensing medium. The temperature 
difference causes heat to flow from 
the refrigerant to the condensing 
medium. 


The capacity of a refrigeration unit is stated in 
tons. The refrigeration ton is the cooling effect 
of 1 ton {2000 pounds} of ice at 32°F melting 
in 24 hours. The number of Btu required to melt 
] ton of ice is 144 x 2000 = 288,000 Btu 
in 24 hr or 12,000 Btu/hr. 
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Figure 1-7. Refrigerant vapor is compressed in the compressor and pushed from the compressor 


at a higher pressure. 


An example of a mechanical com- 
pression refrigeration system is a 
household freezer. See Figure 1-8. 
Inside a freezer, refrigerant circulates 
through the evaporator and absorbs 
heat from the food. The heat va- 
porizes the liquid refrigerant. The 
refrigerant vapor is drawn out of 
the evaporator by the suction of the 
compressor. The compressor com- 
presses the refrigerant, which raises 
the pressure and temperature of the 
refrigerant. The refrigerant is pushed 
into the condenser, which is located 
on the rear of the freezer. The heat 
absorbed from the food inside the 
freezer is released to the air outside 
the freezer by the condenser. 


Operation 
The operation of a refrigeration sys- 
tem is as follows: 
1. R-410a refrigerant enters the evapo- 
rator of a refrigeration system with 
a pressure of 118.4 psi, a tempera- 
ture of 40°F, and a heat content 


of approximately 50.2 Btu/lb. 
See Figure 1-9. The boiling point 
of R-410a at 133 psia is 40°F. The 
temperature of the refrigerant 
remains at about 40°F as it moves 
through the evaporator. Air that 
is about 80°F passes across the 
outside of the evaporator and is 
warmer than the refrigerant in the 
evaporator. The refrigerant absorbs 
the heat and vaporizes. 

The evaporator is large enough to 
allow the refrigerant to completely 
vaporize before it leaves the evap- 
orator. The refrigerant absorbs su- 
perheat in the last few rows of coils 
in the evaporator. Superheat is the 
heat added to a refrigerant after the 
refrigerant has changed state into 
a vapor. The refrigerant leaves the 
evaporator at a temperature higher 
than the saturated temperature for 
the pressure. The refrigerant has 
more heat than if the refrigerant is 
saturated because of the superheat 
absorbed from the evaporator. 
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2. The refrigerant vapor leaves the 
evaporator with a pressure of 
118.4 psi, a temperature of 50.0°F, 
and a heat content of approximate- 

gonna ly 122.2 Btu/Ib. The refrigerant 

: absorbs heat from the evaporating 

medium, which raises the tem- 

perature and heat content of the 
refrigerant. The refrigerant leaves 
the evaporator through the suc- 


tion line. The suction line is the 
pipe or tubing that connects the 


EVAPORATOR 


In the compressor the pressure 
of the refrigerant rises to 341.9 psi 
a and to 182°F. The temperature of 
the refrigerant rises from the heat 
of compression and, in certain 
compressors, from cooling the 
compressor motor windings with 


COMPRESSOR 


Figure 1-8. A freezer removes heat from 
food through the evaporator and releases the 


heat to the air outside the freezer through the the refrigerant that is flowing 
condenser. through the compressor. 
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Figure 1-9. The temperature and pressure of a refrigerant change as the refrigerant passes through various components of a 


mechanical compression refrigeration system. 
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3. The refrigerant vapor leaves the 
compressor with a pressure of 341.9 
psi, a temperature of 182°F, and 
a heat content of 148.5 Btu/lb of 
refrigerant. The saturated tempera- 
ture of the refrigerant at 341.9 psi is 
140°F, but the actual temperature of 
refrigerant leaving the compressor 
is 182°F due to superheating. The 
refrigerant leaves the compressor 
through the hot gas discharge line 
and moves to the condenser. 

The hot gas discharge line is the 
pipe or tubing that connects the 
compressor to the condenser. The 
hot gas discharge line contains the 
hot gas (refrigerant vapor) that will 
be cooled in the condenser. While 
the refrigerant moves through the 
hot gas discharge line, the refrig- 
erant loses some of the superheat 
absorbed in the compressor. By 
the time the refrigerant reaches the 
condenser, the refrigerant is closer 
to saturated temperature. 

. The refrigerant enters the con- 
denser from the hot gas discharge 
line with a pressure of 341.9 psi, a 
temperature of 160°F, and a heat 
content of 115.2 Btu/lb. Heat 
flows from the refrigerant to the 
condensing medium because the 
temperature of the condensing 
medium is lower than the tem- 
perature of the refrigerant in 
the condenser. The amount of 
heat rejected by the refrigerant in 
the condenser is the same as the 
amount of heat absorbed by the 
refrigerant in the evaporator and 
compressor. As the refrigerant 
rejects heat in the condenser, the 
refrigerant changes state from a 
vapor back to a liquid. 

5. The R-410a refrigerant leaves the 

condenser at the same pressure, 

341.9 psi, but the refrigerant is 

now a liquid. Most condensers are 

sized with extra capacity so that the 
refrigerant completely condenses to 


a liquid, but still allow extra cool- 
ing (subcooling) to take place while 
the refrigerant is in a liquid state. 
Subcooling is the cooling of a refrig- 
erant to a temperature that is lower 
than the saturated temperature of 
the refrigerant for a particular pres- 
sure. With the subcooling of the 
condenser, the refrigerant leaves 
the condenser with a temperature 
of 95°F and a heat content of 
approximately 50.2 Btu/Ib. 

The refrigerant leaves the con- 
denser through the liquid line 
and moves either directly to an 
expansion device or to a receiver 
tank. When the refrigerant enters 
the expansion valve, the refrigerant 
will have almost the same pressure 
and temperature that it had when 
it left the condenser. 

6. The refrigerant flows through the 
expansion valve. The restriction 
in the expansion device causes a 
pressure decrease. The pressure de- 
crease is the difference between the 
high-pressure side and low-pressure 
side of the system. The decreased 
pressure allows 15% of the refrig- 
erant to vaporize, which causes a 
temperature decrease from 95°F 
to 40°F. The boiling point of the 
R-410a refrigerant on the low- 
pressure side is 40°F, 

After flowing through the ex- 
pansion valve, the refrigerant 
enters the evaporator at 118.4 psi 
as a liquid-vapor mixture and the 
cycle begins again. 


CHILLERS 


A chiller is a piece of refrigeration 
equipment that removes heat from 
water that circulates through a 
building for cooling purposes. The 
chilled water is circulated to the 
cooling coils of a building at about 
45°F. The chilled water increases 
in temperature about 10°F as the 


water flows through the cooling coils. 
The water is returned to the chiller 
at a temperature of about 55°F to be 
cooled again. The three basic types 
of chillers are high-pressure chillers, 
low-pressure chillers, and absorption 
chiller. See Figure 1-10. 


York —_—— Corp. 
HIGH-PRESSURE DUAL-COMPRESSOR 
CENTRIFUGAL CHILLER 


McQuay International 
LOW-PRESSURE SINGLE-COMPRESSOR 
CENTRIFUGAL CHILLER 


BSORPTION CHILLER 
—SSSSS ees 
Figure 1-10. The three types of chillers used in 
commercial buildings are high-pressure chillers, 
low-pressure chillers, and absorption chiller. 


Carrier Corporation 


sors. A compressor is the pumping 
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High- and Low-Pressure Chillers 


A high-pressure chiller operates at 
a pressure above 14.7 psia and low- 
pressure chillers operate at 14.7 psia 
(vacuum) on the low side. High-pressure 
chillers and low-pressure chillers utilize 
a compressor in the compression cycle 
to create the pressure differences inside 
the chiller to vaporize and condense 
refrigerant. A compression chiller has 
components similar to the basic refrig- 
eration systems, such as a compressor, a 
condenser, metering devices, and evap- 
orator. See Figure 1-11. Low-pressure 
chillers also have a purge unit to remove 
“noncondensables” from the system. 
Chiller components are typically large. 
The large components allow a chiller to 
handle large volumes of refrigerant. 


Compressors. The compressors typi- 


cally used in high-pressure chillers are 


reciprocating, scroll, or screw. Low-pres- 
= 


component that creates the refrigerant 
flow through the evaporator and con- 
denser of a mechanical compression 
refrigeration system. See Figure 1-12. 
The pressure corresponds to a designed 
evaporating temperature of 38°F and a 
condensing temperature of 105°F. For 
R-134a, the evaporator pressure would 
be about 33 psi and the condenser 
pressure would be about 135 psi, which 
would make the chiller a high-pressure 
chiller. A low-pressure chiller might 
use R-123 refrigerant. R-123 has an 
evaporator pressure of about 17.5 in Hg 
vacuum and a condenser pressure of 
about 8.1 psi. 


For years, low-pressure centrifugal chillers 
have used R-] 1 refrigerant. Today R-123 
replaces R-11. In the past, high-pressure 
chillers used R-12 refrigerant. Today, 
R-134a replaces R-12. Positive displace- 
ment chillers used R-22 refrigerant for many 
years. Today R-407C and R-410a replace 
R-22 in most applications. 
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Figure 1-11. High-pressure and low-pressure chillers use components similar to components found in all refrigeration systems, such 
as a compressor, a condenser, an evaporator, and metering devices. 


Reciprocating compressors used 
for chillers are similar to those used 
in other air conditioning and refrig- 
eration systems. Most reciprocating 
compressors have multiple cylinders 
to allow higher system volumes. High- 
er system volumes are accomplished 
by having four or six cylinders on 
one, two, or more compressors. For 
example, a chiller may have four stages 
of compression utilizing two recipro- 
cating compressors. Each compressor 
will have two cylinders, with one of the 
cylinders on each compressor having a 
cylinder unloader. See Figure 1-13. A 
cylinder unloader is a device that holds 
the suction valve closed or holds the 
suction valve open on a cylinder. 

A cylinder that has an operating 
unloader will not compress refriger- 
ant. On a call for cooling, the first 
reciprocating compressor will turn ON 
with one cylinder unloaded. At this 
point the chiller is operating at 25% 


of designed capacity. With an increase 
in load, the second cylinder will load 
and compressor 1 is operating at full 
capacity with the chiller operating at 
50% of its designed capacity. 

As the cooling load continues to 
increase, the second reciprocating com- 
pressor will turn ON with one cylinder 
unloaded. The chiller is now operating 
at 75% of its designed capacity. If the 
load continues to increase, the second 
compressor loads cylinder 2. Now both 
of the reciprocating compressors are 
operating at full capacity and the chiller 
is operating at 100% of design capacity. 

Scroll compressors are also posi- 
tive-displacement compressors. When 
used in chillers, they are normally in 
the 10- to 15-ton size range and operate 
the same as the small units. A ton of 
cooling is the amount of heat required 
to melt a ton of ice in a 24-hour period. 
The capacity control of a chiller is ob- 
tained by cycling the compressors ON 


and OFF as required. For example, a 
25-ton chiller can have two scroll com- 
pressors of different sizes or the same 
size. One compressor can be a 10-ton 
unit and the other compressor a 15- 
ton unit. The chiller has variable ca- 
pacity of 10, 15, or 25 tons of cooling. 
Two advantages scroll compressors 
have over reciprocating compressors 
are that scroll compressors run quieter 
and are able to handle small amounts 
of liquid refrigerant. 
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Rotary screw compressors used in 
chillers are large-capacity, positive- 
displacement compressors that have 
few moving parts. Rotary screw 
compressors are reliable, trouble-free 
units that can handle slugs of liq- 
uid refrigerant. Capacity control is 
obtained by a slide valve that mod- 
ulates open and closed to control 
the amount of refrigerant admitted 
to the compressor as determined by 
the cooling load. 
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Figure 1-12. A compressor is the pumping component that causes refrigerant to flow through the evaporator and condenser of a 


mechanical compression refrigeration system. 
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Figure 1-13. High-pressure systems use reciprocating compressors with two or more stages to 


achieve high operating pressures. 


Centrifugal compressors used on 
chillers utilize the centrifugal force ap- 
plied to the refrigerant by a fast-spin- 
ning impeller. See Figure 1-14. The 
motor of the compressor is directly 
connected to a transmission that can 
have gear ratios of up to 9 to 1. When 
the speed of the motor is 3450 rpm, the 
impeller on some high-pressure, single- 
stage compressors may approach 
30,000 rpm. 

Centrifugal compressors do not 
produce a great deal of force but they 
can handle large volumes of refriger- 
ant. If a greater pressure differential 


is required than one impeller can 
produce, multiple impellers (stages) 
are operated in series. The discharge 
of one impeller enters the inlet (eye) 
of the next impeller. Centrifugal 
chillers are available in units with 
capacity ratings of 100 tons and up. 
Capacity control is obtained on a 
centrifugal chiller by inlet vanes or 
by variable frequency drivesvariable 
frequency drives (VFD) controlling 
the electric motor. 


Condensers. The condenser is a com- 
ponent of a chiller that transfers heat 
from the refrigerant to a cooling 
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medium. The cooling medium is water, raising the water temperature 
typically water but can be air. On a to about 95°F. The heated water leaves 
water-cooled chiller, the condenser is the condenser and is circulated to a 
typically a two-pass, tube-and-shell cooling tower where the heat of the 
heat exchanger. See Figure 1-15. The water is dissipated to the surrounding 
water is in the tubes and the refrigerant air. The water is circulated back to the 
surrounds the tubes. The refrigerant in condenser, at a lower design tempera- 
the condenser transfers heat to the ture of 85°F, to start the process again. 
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Figure 1-14. Centrifugal 
compressors do not produce 
a great deal of force, but 
can handle large volumes 
of refrigerant. 


Figure 1-15. Water-cooled 
chillers typically have a 
condenser that is a two- 
pass, tube-and-shell heat 
exchanger. 


Technician Certification for Refrigerants 


Metering Devices. A metering device is a 


valve or orifice in a refrigeration system 
that controls the flow of refrigerant 
into the evaporator to maintain the 
correct evaporating medium tempera- 
ture. The four types of metering devices 
used on high-pressure chillers are ther- 
mostatic expansion valve, orifice, high- 
side or low-side float, and electronic 
expansion valve. Low-pressure chillers 
typically use an orifice-type or a float- 
type metering device. 

The thermostatic expansion valve 
(TXV) metering device used on 
chillers is the same type used in other 
refrigeration and air conditioning sys- 
tems, except that large TXVs are used 
to accommodate the high refrigerant 


flow rates of chillers. A thermostatic 
expansion valve (TXV) is a valve that 
uses the temperature of the refrigerant 
discharged from an evaporator to con- 
trol the liquid refrigerant flowing into 
an evaporator. Chiller TXVs maintain 
a constant superheat of 8°F to 12°F. 
TXVs are used on chillers under 150 
tons of cooling capacity. 


Sporian Valve Company 


Thermostatic expansion valves use the refrigerant discharge temperature from an 
evaporator to control the amount of refrigerant entering the evaporator. 


An orifice-type metering device is a 
small, fixed opening that is used as a 
restriction in the liquid line between 
the condenser and the evaporator of a 
refrigeration system. The flow of refrig- 
erant through the orifice is determined 
by the pressure differential between the 
high-pressure side and low-pressure side. 
As the cooling load increases, condenser 
pressure increases, causing an increase 
in the pressure differential across the or- 
ifice, creating a higher refrigerant flow 
rate through the orifice. The amount 
of refrigerant allowed to enter the com- 
pressor of a chiller using an orifice-type 
metering device is critical. Too much 
refrigerant (overcharging) can cause liq- 
uid refrigerant to enter the compressor. 

High-pressure-side or low-pressure- 
side float metering devices are used on 
chillers with flooded evaporators. A 
high-pressure-side float is located on 
the liquid line to the evaporator. As 
the cooling load increases, more refrig- 
erant is boiled off in the evaporator. 
That also means that the condenser 
is condensing more refrigerant, so 
the liquid level in the float chamber 
increases. The float ball rises with the 
liquid level, allowing more liquid re- 
frigerant to flow into the evaporator. 

A chiller that utilizes a low-side 
float-metering device has the float 
located at the normal refrigerant level 
in the evaporator. As more refrigerant 
is boiled off due to an increase in 
load, the liquid refrigerant level will 
decrease. A drop in the level of the 
refrigerant will cause the float ball to 
drop, opening a valve to allow more 
liquid refrigerant into the evaporator 
from the condenser. Both types of 
float-type metering devices control 
the critical charge in a chiller. 

Electronic expansion valve (EXV) 
metering devices are becoming the 
standard for reciprocating chillers. EXV 
devices are similar to TXVs used in oth- 
er refrigeration and air conditioning 
equipment. The sensor for the EXV is a 


thermistor mounted in the suction line 
from the evaporator to monitor the 
temperature of the refrigerant vapor. A 
signal is sent to the EXV to maintain a 
given superheat temperature. EXVs are 
capable of higher flow rates and are 
able to operate with lower condenser 
pressures than TXVs. The better capa- 
bilities of EXVs allow them to be used 
in systems with wider variations in 
load conditions. 


Evaporators. The evaporator is the 


component in the chiller that trans- 
fers heat from the water to the liquid 
refrigerant. As the heat is absorbed, 
the refrigerant boils, creating a vapor 
that is carried to the compressor. 
The exchange of heat takes place in 
shell-and-tube evaporators that are 
normally of a two-pass design. The 
water returning to the chiller from 
the building is cooled and circulated 
back to the cooling coils in the build- 
ing. See Figure 1-16. The water re- 
turning to the chiller is normally at 
a temperature of about 55°F, which 
is cooled to about 45°F before the 
water is sent back into the building. 
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The cooled water is called chilled 
water and the system is a closed 
water system. 

The evaporators used for chillers 
are either direct expansion evapo- 
rators or flooded evaporators. The 
direct expansion evaporator has a 
specific superheat and normally uses 
a TXV to control the superheat. Direct 
expansion evaporators are used on 
small chillers because of the limita- 
tions of the TXV. Flooded evaporators 
are more popular for large chillers but 
require significantly more refrigerant 
than direct expansion chillers. The 
main advantage of flooded evapora- 
tor chillers is that there is a better 
exchange of heat from the water to the 
liquid refrigerant, making the chiller 
more efficient to operate. 


Flooded evaporators are designed to 
maintain a level of liquid in the shell of the 
evaporator. This level of liquid should cover 
the tube bundle at all times. Chilled water 
flows through the tubes. 
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Figure 1-16. The evaporator 
of a chiller is the component 
that transfers heat from the 
chilled water to the liquid 


refrigerant. 
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Questions 


1. How does a refrigeration system cool building spaces? 


How do the components of a mechanical compression refrigeration system operate? 


How does a mercury barometer measure atmospheric pressure? 


Why does refrigerant vaporize in the evaporator of a refrigeration system? 


How are gauge pressure and absolute pressure related? 


e 


How is pressure controlled in a refrigeration system? 


Why is high-pressure refrigerant present in a refrigeration system? 


How does a mechanical refrigeration system operate? 


Y o N Ayn ® WY WN 


How do high- and low-pressure chillers operate? 


10. How are high-pressure chiller compressors different from low-pressure compressors? 
11. How does a tube-and-shell condenser operate? 
12. Why is it critical to control the amount of refrigerant flowing into an evaporator with a metering device? 


13. How does a shell-and-tube evaporator operate? 


"Al PaRescurces*Gons/ QUERAS 7 
Access Code: 827160 


HoT LTT eI MeO BIDE OBA ERSTE RISE ENR, 


Digitol Resources 


Refrigeration Principles 


REVIEW QUESTIONS 


Name Date 


we. - 1. The second law of thermodynamics states that heat always flows from a material ata __ tem- 


perature to a material ata___ temperature. 
A. low; high 
B. high; low 
C. low; constant 
D. high; constant 


ie 2. A(n)___ increases the temperature of, and pressure on, refrigerant vapor. 


A. expansion device 
B. condenser 
C. orifice 


D. compressor 
T 3. __ isa fluid that has a lower temperature than refrigerant. 


A. Evaporator medium 
B. Condensing medium 
C. Compressor oil 


D. Refrigerant 
4. A(n)__ is a heat exchanger where heat is absorbed into low-pressure refrigerant. 


. evaporator 
. condenser 


Oo DO > 


. expansion device 
+ P D. compressor 
5. A perfect vacuumis __. 
A. Opsi 


B. O psig 
C. 14.7 psia 


D. 29.92 in. Hg T 
p 6. When the pressure on a liquid is increased, the boiling point of the liquidis__. 


A. eliminated 
B. constant 

C. decreased 
D. increased 


7 7. Expansion valves are located just before the __. 


A. compressor 
B. orifice 

C. evaporator 
D. condenser 
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8. Refrigerant absorbs heat from the ___. l 
A. compressor oil 
B. compressor motor windings 
C. condenser 
D. TXV value 
9. The heat absorbed from the food inside a typical freezer is released to the air outside the freezer 
by he. 
A. evaporator 
B. condenser 
C. capillary tube 
D. orifice 


À 10. The _— isthe pipe or tubing that connects the evaporator and the suction port of the compressor. 


A. suction line 
B. liquid line 


C. capillary tube 
D. expansion pipe 


11. A high-pressure chiller condenser operates at a pressure above ___ psi. 
A. 15 


12. A___ compressor is a low-pressure compressor. 
reciprocating 

scroll 

centrifugal 


Jp > 


screw 
13. A(n) — uses the temperature of the refrigerant discharged from an evaporator to contro! the 
liquid refrigerant flowing into the evaporator. 
A. high-side float 
B. orifice 
C. capillary tube 
D. thermostatic expansion valve 


Servicing air conditioning and 
refrigeration equipment con- 
taining refrigerants requires fol- 
lowing various EPA, company, 
and chemical safety standards 
and procedures. Safety stan- 
dards and procedures include 
wearing approved protective 
clothing and using protective 
equipment. Additional person- 
nel requirements include an 
understanding of the different 
danger, warning, and caution 
labels used with refrigerants, re- 
covery machines, and devices. 


CER 


Refrigerants must be charged, recov- 

ered, or recycled only by certified 

technicians. A certified technician 1s a 

person who has special knowledge and 

training, and has passed one or more 

EPA-approved tests in the charging, 

recovery, and recycling of refrigerants 

for air conditioning and refrigeration 

systems. OSHA 29 CFR 1926.32— 

Definitions, Subpart C—General Safety 

and Health Provisions; and OSHA 29 

CFR 1910.399—Definitions applicable to 

this subpart, provide additional infor- 

mation regarding the definitions of 
various types of technicians. 
A certified technician: 

e works safely with refrigerants and 
follows all Environmental Protection 
Agency (EPA), Air Conditioning and 
Refrigeration Institute (ARI), and 
company procedures and practices 

e performs the appropriate task 
required during an accident or 


emergency situation, understands 
air conditioning and refrigeration 
system operation, and follows all 
manufacturer procedures 

e understands the operation of re- 
frigerant recovery equipment and 
recycling equipment, and follows all 
equipment manufacturer procedures 

e knows how to find help from 
equipment manuals and manufac- 
turer representatives 

e informs other technicians and facility 
personnel of tasks being performed 

e maintains all required computer- 
ized and written records 


R-134a Refrigerant 


Gienetron’ 


The Office of the Federal 
Register {OFR) informs 
citizens of their rights 
and obligations by pro- 
viding access to the offi- 
cial text of federal laws, 
the Code of Federal 
Regulations (CFR), and 
other documents. 


> WENDE Tact, 
=O aÃ— M a uM 


Honeywell Chemicals 
Refrigerant containers must be labeled, tagged, and marked with the appropriate haz- 
ard warning per OSHA 29 CFR 1910.1200(f}—Labels and Other Forms of Warning. 
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CODES AND STANDARDS 


National, state, and local codes and 
standards are used to protect people 
and the environment from refriger- 
ant hazards. A code is a regulation or 
minimum requirement. A standard is 
an accepted reference or practice. Codes 
and standards ensure that refrigerant 
handling equipment is built by manu- 
facturers for safe use, and is used safely 
by technicians. Technicians must handle 
refrigerants safely and make every 
effort to protect people and the envi- 
ronment from refrigerant hazards. 


SAFETY LABELS 


A safety label is a sticker that indicates 
areas or tasks that can pose a hazard 
to personnel and/or air conditioning 
and refrigeration equipment. Safety la- 
bels are used on refrigerant cylinders, 
on air conditioning and refrigeration 
equipment, and are depicted in equip- 
ment manuals. Safety labels use signal 
words to communicate the severity 
of a potential hazard. The three most 
common signal words are danger, 
warning, and caution. See Figure 2-1. 

DANGER is a signal word that is 
used to indicate an imminently haz- 
ardous situation which, if not avoided, 
will result in death or serious injury. 
The information indicated by a danger 
signal word indicates the most extreme 
type of potentially hazardous situation, 
and must be followed. 

WARNING is a signal word that 
is used to indicate a potentially haz- 
ardous situation which, if not avoid- 
ed, could result in death or serious 
injury. The information indicated 
by a warning signal word indicates a 
potentially hazardous situation and 
must be followed. 

CAUTION is a signal word that is 
used to indicate a potentially hazardous 
situation which, if not avoided, may 
result in minor or moderate injury. 
The information indicated by a caution 


signal word indicates a potentially haz- 
ardous situation that may cause injury 
and/or equipment damage. A caution 
signal word also warns of possible haz- 
ards due to unsafe work practices. 


A DANGER 


Wear respirator in work areas containing 
refrigerant vapors. Breathing refrigerant 
vapors will cause death or serious injury. 


ORANGE COLOR 
A WARNING 


Prevent refrigerant from contacting the 
skin. Expelling refrigerant can cause 
death or serious injury. 


YELLOW COLOR 


Always close the quick coupler valves 
before disconnecting a hose coupling. 
Loose hose couplings can leak refrigerant 
to the atmosphere. Leaking refrigerant 
causes harm to the atmosphere, personnel 
and systems. 


ORANGE COLOR 


Figure 2-1. Safety labels are used to indicate 
hazardous situations with different degrees of 
likelihood of death or injury to personnel. 


Other symbols and signal words 
may appear with the danger, warning, 
and caution signal words used by man- 
ufacturers. ANSI Z535.4, Product Safety 
Signs and Labels, provides additional 
information concerning safety labels. 
Additional signal words may be used 
alone or in combination on safety 
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labels. EXPLOSION WARNING is 
a signal word that is used to indicate lo- 
cations and conditions where explod- 
ing parts may cause death or serious 
personal injury if proper precautions 
and procedures are not followed. 


PERSONAL PROTECTIVE 
EQUIPMENT 


Personal protective equipment (PPE) 
is gear worn by technicians to re- 
duce the possibility of injury when 
charging, recovering, or recycling re- 
frigerants. Personal protective equip- 
ment must be worn when handling 
refrigerants or refrigerant cylinders. 
All personal protective equipment 
must meet OSHA Standard Part 
1910, Subpart I—Personal Protective 
Equipment (1910.132 through 1910.138), 
applicable ANSI standards, and other 
safety mandates. Personal protective 
equipment includes protective cloth- 
ing, head protection, eye protection, 
ear protection, hand protection, foot 
protection, back protection, and re- 
spiratory protection. See Figure 2-2. 


Protective Clothing 


Protective clothing is clothing made of 
durable material such as denim and 
provides protection from contact with 
sharp objects, cold equipment, and 
harmful materials. Protective cloth- 
ing should be snug, yet allow ample 
movement. Soiled protective clothing 
should be washed to reduce the flam- 
mability hazard. 

Coveralls and coveralls with hoods 
made from chemical-resistant fibers 
provide protection from refrigerants. 
The chemical-resistant fibers are 
sometimes coated with SARANEX® 
to provide protection against a broader 
range of refrigerants and chemicals. 
Chemical-resistant aprons can also be 
used when working with refrigerants. 
Chemical-resistant aprons are typical- 
ly made of materials such as rubber, 
Silver Shield™, or neoprene. 


PPE is provided by the employer and worn 
by technicians. The PPE must be appropriate 
for the work and give adequate protection. 


RESPIRATOR 


PROTECTIVE 
CLOTHING 
(COVERALLS) 


EAR PLUGS 
(NOT SHOWN) 


CHEMICAL 
GLOVES 


BOOT COVERS 
(NOT SHOWN) 
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Never allow liquid re- 
frigerant to contact skin. 
Never siphon refriger- 
ant with mouth. Always 
use safety goggles and 
gloves when working 
with liquid refrigerant. 


Figure 2-2. Personal protective 
equipment is used when work- 
ing with refrigerants to reduce 
the possibility of injury. 
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Figure 2-3. Protective hel- 
mets are identified by the 
class of protection against 
hazardous conditions that 
the helmet provides. 


Head Protection 


A protective helmet is a hat that is 
used in work areas to prevent injury 
from the impact of falling and fly- 
ing objects. Protective helmets resist 
penetration and absorb impact force. 
Protective helmet shells are made of du- 
rable, lightweight materials. A shock-ab- 
sorbing lining consists of crown straps 
and a headband that keeps the shell 
away from the head to provide venti- 
lation. See Figure 2-3. 


North Safety Products 


HEADBAND 


SAFETY SAFETY CO., INC. 


MODEL NO. XX00000 
ANSI Z89.1-2003 
CLASS A, B, C CERTIFIED 


MADE IN USA 


Eye Protection 

Eye protection is devices that must be 
worn to prevent eye or face injuries 
caused by flying particles or refriger- 
ant spray. Eye protection must comply 


with OSHA 29 CFR 1910.133-Eye and 
Face Protection. Eye protection stan- 
dards are also specified in ANSI Z871, 
Occupational and Educational Personal 
Eye and Face Protection Devices. Eye pro- 
tection includes safety glasses, goggles, 
and face shields. See Figure 2-4. 

Safety glasses are an eye protection 
device with special impact-resistant 
glass or plastic lenses, reinforced 
frames, and possibly side shields. The 
plastic frames are designed to keep the 
lenses secured if an impact occurs. Side 
shields provide additional protection 
from flying objects. Goggles are an eye 
protection device with a flexible frame 
that is secured on the face with an elas- 
tic headband. Goggles fit snugly against 
the face to seal the areas around the 
eyes, and may be used over prescription 
glasses. Goggles protect against small 
flying particles (solid or liquid). A 


face shield is an eye and face protection 


device that covers the entire face with a 
plastic shield and is used for protection 
from flying objects or splashing refrig- 
erants. Face shields are recommended 
any time a technician is working with 
or around refrigerants. 


Ear Protection 


Power tools, HVAC equipment, and 
refrigerant-handling equipment can 
produce excessive noise levels. Tech- 
nicians subjected to excessive noise 
levels may develop hearing loss over 
time. The severity of hearing loss 
depends on the intensity and dura- 
tion of exposure. Noise intensity is 
expressed in decibels. A decibel (dB) is 
a unit of measure used to express the 
relative intensity of sound. Ear protec- 
tion is worn to prevent hearing loss. 


To determine the approximate noise reduc- 
tion of ear protection, 7 dB is subtracted 
from the NRR. 
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Ear protection includes earplugs worn over the ears. A tight seal around 
and earmuffs. See Figure 2-5. An ear- an earmuff is required for proper 
plug is an ear protection device made protection. Ear protection devices 
of moldable rubber, foam, or plastic are assigned a noise reduction rating 
that is inserted into the ear canal. An (NRR) number based on the amount 
earmuff is an ear protection device of noise reduced. 


REINFORCED SIDE ELASTIC ADJUSTABLE 
HEADBAND 


FRAMES SHIELDS HEADBAND 


2 aa 


IMPACT-RESISTANT SNUG FLEXIBLE PLASTIC Figure 2-4. Eye protection must 
GLASS FIT FRAME SHIELD be worn to prevent eye or face 
SAFETY GLASSES GOGGLES FACE SHIELD injuries caused by flying ob- 


jects or escaping refrigerants. 


HEADBAND 


SILICONE 
RUBBER PLUG 


STYRENE 
CUP 


Figure 2-5. Ear protection is 
worn to prevent technician 

— hearing loss caused by power 
EARPLUGS EARMUFFS |, Safety Products _ tools, HVAC equipment, or re- 
rere eres — frigerant-handling equipment. 


Technician Certification for Refrigerants 


The major cause of 
death from refrigerant 
accidents is oxygen 
deprivation. 


Hand Protection 


Hand protection is required to prevent 
injuries to hands such as cuts from 
equipment or frostbite from refrig- 
erants. The appropriate hand protec- 
tion is determined by the duration, 
frequency, and degree of the hazard to 
the hands. Chemical gloves are gloves 
made of rubber (butyl), Silver Shield™, 
or neoprene and are used to provide 
protection when handling refrigerants. 
Gloves made of other materials may be 
required when handling compressor 
oils. OSHA 29 CFR 1910.138—Hand 
Protection, Subparts (a) and (b), provide 
additional information regarding hand 
protection. 


Foot Protection 

Foot injuries are typically caused by 
objects falling less than 4’ and having 
an average weight less than 65 Ib. Safety 
shoes with reinforced steel toes protect 
against injuries caused by compression 
and impact. Technicians working with 
refrigerants should wear boot covers 
or rubber overshoes. Boot covers 
made of Silver Shield™ or overshoes 
made of rubber protect the feet of a 
technician from frostbite caused by 
refrigerants. Protective footwear must 
comply with ANSI Z41-1991, Personal 
Protection-Protective Footwear. OSHA 29 
CFR 1910.136-Occupational Foot Protec 
tion, provides additional information 
regarding foot protection. 


Respirators 


A respirator is a device worn by 
technicians to protect against the 
inhalation of potentially hazardous 
refrigerant vapors. Respirators are 
categorized into two principal types, 
air-purifying and air-supplied. See 
Figure 2-6. Air-purifying respirators 
remove contaminants from the am- 
bient air. Air-supplied respirators 
provide air from a source other 
than the surrounding atmosphere. 


OSHA 29 CFR 1910.134—Respiratory 
Protection, requires employers to pro- 
vide respirators when necessary to 
protect the health of an employee. 


NONPOWERED 


POWERED 
AIR-PURIFYING 


SELF-CONTAINED 


AIR-SUPPLIED 
Scott Health and Safety 


Figure 2-6. Respirators are selected for the 
specific contaminants and refrigerant present 
in the working area atmosphere. 
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LOCKOUT/TAGOUT 


Lockout is the process of removing 
the source of electrical power and in- 
stalling a lock that prevents the power 
from being turned ON. Tagout is the 
process of placing a danger tag on the 
source of electrical power, which indi- 
cates that the equipment may not be 
operated until the lock and/or danger 
tag is removed. See Figure 2-7. 


DANGER TAG LOCK 


DISCONNECT 


TAGOUT USED ALONE WHEN 
LOCKOUT IMPRACTICAL 


Figure 2-7. Lockouts and tagouts are applied to 
air conditioning and refrigeration equipment 
to prevent operation during certain servicing 
procedures. 


A danger tag has the same impor- 
tance and purpose as a lock. Danger 
tags are used alone only when a lock 
does not fit the disconnect device. A 
danger tag shall be attached at the 
disconnect device with a tag tie or 
equivalent and shall have space for 
the name of the technictan, craft, and 
other company-required information. 


Equipment Lockout/Tagout Procedure 


1. Notify all affected persons that a lockout/tagout is required. Notifi- 
cation should include the reason for the lockout/tagout and the 
expected duration. 


2. When the equipment is operating, shut down the equipment using 
normal procedures. 


3. Apply the energy-isolating device or devices so that the equipment ` 
is isolated from all energy sources. Stored energy, such as in 
springs, elevated machine members, capacitors, and pneumatic 
lines, must be dissipated or restrained by blocking, discharging, or 
other appropriate methods. 


DISCONNECT — 
POWER 


DISCONNECT 
TURNED OFF 


POWER TO 
REFRIGERATION 
SYSTEM 


4. Apply the lockout and/or tagout to the energy-isolating device or 
devices with assigned locks and/or danger tags. 


DISCONNECT 
POWER 


DISCONNECT 
LOCKED OUT 


TURNED OFF 


POWER TO 
REFRIGERATION 
DISCONNECT 
TAGGED OUT 


5. After ensuring that personnel are not exposed, operate the normal 
_ operating controls to verify that the equipment is inoperable and 
that all energy sources have been isolated. 


6. Inspect and test the equipment with the appropriate test instruments 
to verify that all energy sources are disconnected. Multiphase 
electrical power requires that each phase be tested. The equipment 
is now locked out and/or tagged out. 


Note: A lockout/tagout must not be removed by any person other than 
the authorized person who installed the lockout/tagout, except in 
an emergency. In an emergency, only authorized supervisory person- 
nel may remove a lockout/tagout and only upon notification of the 
authorized person who installed the lockout/tagout. 
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Refrigerant labels are 
placed on refrigerant cyl- 
inders to identify gross 


Refrigerant vapors or mists 
can cause heart irregular- 
ities or unconsciousness. 


ASHRAE Standard 15 re- 
quires an equipment room 
refrigerant monitor to be 
used with all refrigerants; 
the monitor can also be 
used as a leak detector. 
ASHRAE Standard 15 
also requires a sensor 
and alarm for all Al 
refrigerants to sense for 
oxygen deprivation. 


REFRIGERANT SAFETY 


All refrigerants, regardless of quantity, 
must be handled with care. Refrigerants 
are dangerous when allowed to leak out 
of sealed systems and mix with air. 

Refrigerants and refrigerant con- 
tainers are also dangerous when 
exposed to open flames or high tem- 
peratures. Most refrigerants boil at 
very low temperatures and, when heat- 
ed, refrigerant compounds change 
chemically, allowing toxic gases to be 
generated. Always refer to the manufac- 
turer-recommended safety procedures 
when handling refrigerants used in 
air conditioning and refrigeration sys- 
tems. Refrigerant safety rules include 
the following: 

e Store refrigerants in a clean, dry 
area out of direct sunlight. Never 
heat refrigerant containers above 
125°F. 

e Comply with fire regulations con- 
cerning storage quantities, types of 


approved containers, and proper 
labeling. 

Never allow a refrigerant to come 
in contact with skin, causing 
frostbite. Always use gloves and face 
protection. 

Never allow refrigerant vapors to 
build up in a low or confined area. 
Fluorocarbon refrigerants are heavier 
than air and can cause suffocation, 
heart irregularities, or unconscious- 
ness due to lack of oxygen if exposure 
exceeds acceptable levels. 


Read the label on the refrigerant cyl- 
inder to identify contents and verify 
color coding. 

Never use oxygen or compressed air 
to pressurize appliances to check for 
leaks because, when mixed with com- 
pressor oil, oxygen or compressed air 
can explode. See Figure 2-8. 


Clean up oil spills immediately. 


RELIEF 


EVAPORATOR 


COMPRESSOR 


COMPRESSED 
AIR SUPPLY 


Figure 2-8. Compressed air or oxygen used to pressurize a system creates an explosive condition. 
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The ideal refrigerant is environmen- 

tally friendly, nonflammable, nontoxic, 
and able to perform as intended in the 
refrigeration system. Refrigerants are 
not completely safe, but refrigerants 
can. be used safely. 
_ Section 8 of ANSI/ASHRAE Stan- 
dard 34-2004, Designation and Safety 
Classifications of Refrigerants, identifies 
the requirements for applying for 
designations and safety classifica- 
tions (safety groups) for refrigerants, 
including blends. See Figure 2-9. Al 
refrigerants are the safest, and B3 
refrigerants are the most toxic and 
flammable. Letters A or B indicate 
level of toxicity (B being higher), and 
numbers 1, 2, and 3 indicate levels of 
flammability (3 being the highest). 
R-11, R-12, R-22, R-500, R-502, and 
R-134a are classified as Al refriger- 
ants and R-123 is classified as a B1 
refrigerant. 


Figure 2-9. Refrigerants are classified by ANSI/ 
ASHRAE 34-2001 into safety groups. 


An oxygen-deprivation sensor is 
required to detect low oxygen levels in 
work areas. Typically, oxygen alarms 
will alarm at 19.5% or less by volume. 
Monitoring rooms for the right amount 
of oxygen is required for all refrigerants. 
A self-contained breathing apparatus 
(SCBA) must be worn if a large leak 
has occurred. When an SCBA is not 
available, technicians must ventilate the 
area or vacate the area immediately. 


To obtain more information on any 
refrigerant, a safety data sheet (SDS) 
can be obtained from the manufactur- 
er. When working with any refrigerant, 
the technician must review the SDS for 
that refrigerant. 


Safety Data Sheet 


A safety data sheet (SDS) is a printed 
document used to relay hazardous 
material information from the man- 
ufacturer, importer, or distributor 
to the technician. See Figure 2-10. 
All hazardous materials used in a 
facility or at a job site must be in- 
ventoried and have an SDS. SDS files 
must be kept up to date (check with 
manufacturer regularly for changes) 
and readily available to all person- 
nel. Refrigerant manufacturers, 
distributors, and importers must de- 
velop SDSs for each refrigerant sold. 
If two or more SDSs on the same 


- refrigerant are found, the latest ver- 


sion is used. SDSs have no prescribed 

format. Formats provided in ANSI 

Z400.1, Hazardous Industrial Chemi- 

cals Safety Data Sheet Preparation, are 

commonly used. An SDS includes 

the following: 

e manufacturer and product 
information 

e hazardous ingredients/identity 

information 

physical/chemical characteristics 

fire and explosion hazard data 

reactivity and health hazard data 

precautions for safe handling and 

types of PPE required 

control measures 

e regulatory information 


R-22 refrigerant has low toxicity, but is known 
to cause oxygen deprivation [asphyxia]. 


Air conditioning or refrig- 
eration systems with an 
R-1 34a refrigerant charge 
are leak checked with 
pressurized nitrogen. 
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Safety Data Sheet 


R-12 


SAMPLE SDS 


}. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION 


PRODUCT NAME: R-12 
OTHER/GENERIC NAMES: CFC-12 


PRODUCT USE: Refrigerant and for Metered Dose Inhalers 


MANUFACTURER: 


FOR MORE INFORMATION CALL: 
(Monday-Friday, 9:00am-3:00pm) 
1-800-555-5555 


2. COMPOSITION/INFORMATION ON INGREDIENTS 


DIENT NAME 
ecco 


IN CASE OF EMERGENCY CALL: 


(24 Hours’ Day. 7 Days’Week) 
Chemtrec 1-800-414-4444 


SN WEIGHT % 
75-71-8 100 


Trace impurities and additiónal material names not listed above may also appear in Section t5 toward the end of the MSDS, 
These materials may de listed for local “Right-To-Know” compliance and for other reasons. 


3.__ HAZARDS IDENTIFICATION 


EMERGENCY OVERVIEW: Colorless, volatile liquid with ethereal and faint sweetish odor, 
Non-flammable material. Overexposure aya cause gorm and loss ee concentration. At 


Figure 2-10. An SDS provides refrigerant hazard information such as proper handling, emergency 


control measures, and first-aid procedures. 


Safety Data Sheets 
Chemicals can pose a wide range of hazards, from mild irritation to possible 
death. OSHA's Hazard Communication Standard is designed to ensure that 
workers and employers have information about these hazards and can establish 
appropriate protective measures. One important source for this information is 


the safety data sheet (SDS). 


~The SDS is a technician's primary tool for finding information about the chemicals 
technicians work with. SDSs can be in any format, but OSHA has established certain 
requirements for SDSs. First of all, they must be in English. ` 


Second, all SDSs must be readily accessible during each work shift. If a, 
technician or coworkers must travel between work locations, SDSs may be : 


kept at a central location, but the SDSs must still be accessible. 
Chemical manufacturers and importers are required to obtain or develop 


= an SDS for each hazardous chemical they produce or import. Distributors ` 


are responsible for ensuring that their customers are provided a copy of 
these SDSs. Employers must receive and retain an SDS for each hazardous 
chemical that they use. 


While SDSs need not be physically attached to a shipment, they must accom- 
pany or precede the shipment. If they do not, the employer must obtain one 
from the chemical manufacturer, importer, or distributor as soon as possible. 
The same is true if an SDS arrives that is incomplete or unclear. i 


Technicians must read a chemical’s SDS before using the chemical to find out 
what safety precautions are needed. A certain chemical may not be compat 
ible with other chemicals in use. Technicians may need to wear a respirator 
for protection from a chemical’s effects. Technicians may need to be careful 

- about the ambient temperature the chemical is used in. The information on 
an MSDS will help a technician determine what safely measures are needed 
that could save valuable time in the event of an accident. 


` Occupational Safety and Health Administration 


NFPA Hazard Signal 


Refrigerant containers must be 
labeled, tagged, and marked with 
appropriate hazard warnings per 
OSHA 29 CFR 1910.1200(f)—Ladels 
and Other Forms of Warning. Refrig- 
erants stored in different containers 
than originally supplied from the 
manufacturer must also be properly 
labeled. Unlabeled containers pose 
a safety hazard since technicians are 
not provided with content informa- 
tion and warnings. All container 
labels must include basic Right 
to Know (RTK) information. See 
Figure 2-11. 


ASHRAE STANDARD 15 


The American Society of Heating, Re- 
Srigeration, and Air Conditioning En- 
gineers (ASHRAE) is an organization 
that advances the arts and sciences of 
heating, ventilation, air conditioning, 
and refrigeration systems. 

The purpose of ASHRAE Standard 
15, Safety Standard for Refrigeration 
Systems, is to specify safe design, 
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construction, installation, and oper- 
ation of refrigeration systems. 
The code applies to: 
e monitors 
e alarms 
e ventilation 
è purge venting 
e breathing apparatus 


Disposable cylinders are used for virgin refrig- 
erant. Disposable cylinders should never be 
used to recover refrigerant. When scrapping 
a refrigerant cylinder, the internal pressure 
must be at least O psi (atmospheric pressure}. 
Cylinders should never be stored by an open 
flame or in very hot areas. 


CHEMICAL OR 
COMMON NAME 


SIGNAL WORD 
INGREDIENTS 


NFPA HAZARD SIGNAL SYSTEM 


PHYSICAL FIRE AND EXPLOSION HAZARD - TOXIC, CORROSIVE, 

HAZARDS HARMFUL IF INHALED, MAY CAUSE DEATH 

VENTILATION retro citer Kep anay om hea spat ard Tartes va ot wih, HEALTH HAZARD (BLUE) FIRE HAZARD (RED) 
Vam haton: Frovide ventilation to control exposure lavals. Use mechanical exhaust 4 DE. ADLY FLASH POI NTS 


3 EXTREME DANGER 
2 HAZARDOUS 

1 SLIGHTLY HAZARDOUS 
0 NORMAL MATERIAL 


i SPECIFIC HAZARD 
It in eyes flush with water. If on skin flush with warm water. If inhaled remove to fresh 


air or give oxygen. Get medical attention. Do not give adrenaline, epinephrine, or OX OXIDIZER 
similar drugs following exposure to this product. ACID ACID 


4 BELOW 73°F 

3 BELOW 100°F 

2 BELOW 200°F 

1 ABOVE 200°F 

0 WILL NOT BURN 


REACTIVITY (YELLOW) 
4 MAY DETONATE 


Eye/Face Protection: Wear chemical tace shield. 
Skin Protection: Wear chemical-resistant protective clothing and chemical-66resistant 
gloves. 
Respiratory Protection; Avoid breathing gas. If exposure limits are exceeded use 
NIOSH approved respiratory protection equipment, 

tects of Overexposure: Inhalation and skin contact will cause frostbite to any 
tissue. High vapor concentrations are irritating to the eyes and respiratory tract and 
may result in central nervous system harm resulting in unconsciousness and death. 


HEALTH 
HAZARDS 


Maze 


LONG-TERM 
EFFECTS 


= 


‘or mora Information, obtain copy of MSDS from distributor, Long-term repeated 


exposure to refrigeram will cause an anesthetic eftact and cardiac sensitization, ALK ALKALI 3 SHOCK AND HEAT MAY DETONATE 
and may cause an Increase In benign tumors (n high concentration). COR CORROSIVE 2 VIOLENT CHEMICAL CHANGE 
CAS NO. (811-97-2) Ye USE NO WATER CHEMICAL NAME: 1 UNSTABLE IF HEATED 


EYE Ry RADIATION HAZARD TETRAFLUOROETHANE 0 STABLE 
PROTECTION 


REQUIRED RESPIRATOR MAY 


BE REQUIRED 


dentitication of Reactivity i Stabiliti 


YEELOW 


} Susceptibility of Materials to | Susceptibility to Release of 


Materials that on very short 
exposure could cause death or 
major residual injury 


Materials that on short exposure 
could cause serious temporary or 
residual injury 


Materials that on intense or 
continued but not chronic exposure 
could cause temporary 
incapacitation or possible residual 
injury 


Materials that on exposure would 
cause irritation but only minor 
residual injury 


Materials that on exposure under 
fire conditions would offer no 
hazard beyond that of ordinary 
combustible material 


Burning _ 


Materials that will rapidly or 
completely vaporize at 
atmospheric pressure and normal 
ambient temperature, or that are 
readily dispersed in air and that 
will burn readily 


Liquids and solids that can be 
ignited under almost all ambient 
temperature conditions 


Materials that must be moderately 
heated or exposed to relatively 
high ambient temperatures before 
ignition can occur 


Materials that must be preheated 
before ignition can occur 


Materials that will not burn 


Energy 


Materials that in themselves are 
readily capable of detonation or of 
explosive decomposition or 
reaction at normal temperatures 
and pressures 


Materials that in themselves are 
capable of detonation or explosive 
decomposition or reaction but 
require a strong initiating source or 
which must be heated under 
confinement before initiation or 
which react explosively with water 


Materials that readily undergo 
violent chemical change at 
elevated temperatures and 
pressures or which react violently 
with water or which may form 
explosive mixtures with water 


Materials that in themselves are 
normally stable, but which can 
become unstable at elevated 
temperatures and pressures 


Materials that in themselves are 
normally stable, even under fire 
exposure conditions, and which 
are not reactive with water 


Figure 2-11. The NFPA Hazard Signal System provides quick-reference information regarding hazardous materials (refrigerants). 
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Never overfill a refrigerant 
storage cylinder. The inter- 
nal pressure of cylinders 
will rise when heated or 
when placed in sunny ar- 
eas, which can cause an 
explosion. Fill refrigerant 
storage cylinders only to 
80% capacity. Capacity 
can be determined by using 
mechanical float devices, 
electronic shutoff devices, 
or weight. 


Pressure relief valves must 
never be installed in series. 


> Technical Fact 


DOT REUSABLE 
CONTAINER SAFETY 


A DOT reusable container is an empty 
container that is shipped to a facility 
where the container will be filled, 
labeled with a DOT classification tag, 
and shipped again. Capacities of DOT 
containers are measured in pounds 
of water. DOT container safety rules 
include the following: 

e Use approved DOT containers to 
store refrigerants. See Figure 2-12. 

e Check refrigerant containers for 
a current (within 5 yr) hydrostatic 
test date before use. 

e Check refrigerant containers for 
dents, gouges, cuts, or other im- 
perfections that make the container 
unsafe for use. 

e Verify all hose connections are tight 
before transferring refrigerants to 
or from containers. 

e Replace refrigerant cylinder valve 
outlet caps when task is completed. 

e Make sure all refrigerant containers 
are clearly labeled with the chemical 


name. 

e Never refill disposable cylinders. 

e Never apply an open flame or live 
steam to a refrigerant cylinder. 


Heating a refrigerant storage container or 
recovery cylinder with an open flame or 
steam can cause an explosion. 


AiR CONDITIONING AND 
REFRIGERATION SYSTEM 
SAFETY PRECAUTIONS 


Technicians must develop safety hab- 
its to prevent personal injury, injury 
to others, and damage to appliances 
and equipment. Safety procedures vary 
depending on the type and size of the 


equipment. The following are basic 

safety rules that are common for all air 

conditioning and refrigeration systems: 

e Only certified technicians must 
handle refrigerants. 

e Wear approved PPE at all times. 

e Use the proper tool for the job. 

e Precheck all servicing equipment 
for hazards. 

e Never enter a work area that has 
refrigerant vapors without adequate 
ventilation or a respirator. 

e Rupture discs and purges must be 
vented into a storage container or 
outdoors. 

e To determine the safe pressure for 
leak testing a system, technicians 
must use the low-side test pressure 
data-plate value. To verify the maxi- 
mum allowable system test pressure, 
the design pressure on the name- 
plate of the system is checked. 

e Never cut or weld any refrigerant 
line while refrigerant is in the sys- 
tem or unit. 


Using Nitrogen 

Whenever dry nitrogen from a portable 
cylinder is used to pressurize an appli- 
ance, a relief valve must be in the down- 
stream line from the pressure regulator. 
When more than one relief valve is in 
use, the valves must not be in series. If 
corrosion is present in the relief valve, 
the relief valve must be replaced. 


REFRIGERANT DOCUMENTATION 
FORMS 


To comply with Section 608 of the 
Clean Air Act (CAA) regarding refrig- 
erants, accurate recordkeeping and 
quality documentation are critical. 
For a technician to comply with EPA 
regulations, documentation of work 
performed on a system and of refrig- 
erants cannot be vague or incomplete. 


Technicians and facility owners 


must be aware of the difference be- 
tween work orders and refrigerant 
documents. A work order is a form 
used for accounting purposes. A re- 
Srigerant document is a form used for 


proving innocence in the face of 
an accusation of misconduct. See 
Figure 2-13. EPA 40 CFR Part 82, 
Subpart F—Recordkeeping Requirements, 
provides additional information on 
recordkeeping. 


REFRIGERANT USAGE 


Job #: 
Unit Name: 
Equipment Description: 


Unit Location: 


Refrigerant Type: 
Filter Changed (Y/N): 
Amount Recovered: 
Why Recovered: 


Oil Type: 
Amount of Oil Removed: 
Recovery Unit: 

Serial #: 
Recovered Sent to: 


Amount Recycled: 
Why Recycled: 


Recycling Unit: 
Serial #: 
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Always ship refrigerant cylin- 
ders in the upright position. 


Figure 2-12. Refrigerant con- 
tainers used for refrigerant 
storage and shipping must be 
approved by the Department 
of Transportation (DOT). 


Figure 2-13. Documentation 
forms provide a written record 
of refrigerant usage and 


disposal. 
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bmd 


. Why must a technician be certified to handle refrigerants? 


. What is the difference between a code and a standard? 


N 


. What is the function of a safety label? 


3 
4, What personal protective equipment is commonly required when working with refrigerants? 
5. How are the face and eyes protected from spraying or splashing refrigerants? 

6. How is the appropriate hand protection for working with refrigerants determined? 

7. Why is danger tag used in place of lockout in certain circumstances? 

8. What potential hazards are present when working with refrigerants? 

9. What information do the ANSI/ASHRAE 34 safety groups provide? 

10. What information is included on an MSDS? 

11. Why must all refrigerant containers be labeled? 

12. How are refrigerant containers scrutinized and prepared for shipping? 

13. Why do air conditioning and refrigeration safety procedures vary? 


14, How is dry nitrogen used safely with air conditioning and refrigeration systems? 


15. Why is accurate refrigerant-specific documentation important? 


"Ate Reveuréas:com/QUnahents 
_ Access Code: 827160 


(UPN AOS RR, 


Digital Resources 


REVIEW QUESTIONS 


Name Date 


1. A(n) ___ is a person who has passed an approved EPA test in the charging, recovery, and 
recycling of refrigerants. 


A. apprentice 
B. qualified person 
C. competent person 
D. certified technician 
2. The___ signal word indicates a potentially hazardous situation which, if not avoided, could result 
in death or serious injury. 
A. danger 
B. warning 
C. caution 
D. important 


3. All personal protective equipment must meet ___ standards, ANSI standards, and safety mandates. 
A. EPA 
B. OSHA 
C. NEC 
D. NFPA 


4. ___ provide technicians protection from the impact of falling or flying objects. 
. A. Chemical gloves 
B. Eye protection 
C. Ear plugs 
D. Protective helmets 


5. Ear protection devices are assigned a____ number based on the amount of noise reduction. 
A. total sound level (TSL) 
B. decibel blocking (dB) 
C. noise reduction rating (NRR) 
D. serial 
6. A___ is attached to a disconnect device and has space for the name of a technician, craft, and 
other company required information. 
A. MSDS 
B. lock 
C. danger tag 
D. RTK label 


7. Refrigerant containers must not be heated above ___°F. 
A. 85 

B. 125 

C. 165 

D. 212 
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8. In most refrigerant accidents where death occurs, the major cause is___. 
A. toxic poisoning 
B. oxygen deprivation 
C. refrigerant burning 
D. heart failure 


9. In the ANSI/ASHRAE 34 safety groups classification, ___ is the safest category of refrigerants. 
A. Al 
B. A3 
C. B1 
D. B3 


10. A___isaprinted document used to relay hazardous material information from the manufacturer 
to a technician. 


A. straight bill of lading 

B. Right to Know sheet 

C. Material Safety Data Sheet 
D. refrigerant usage form 


11. An NFPA __ signal indicates health hazards, fire hazards, and reactivity of a refrigerant or chemical. 
A. safety 
B. warning 
C. caution 
D. hazard 


12. Capacities of DOT containers are measured in___. 
A. pounds of water 
B. gallons 
C. inches of mercury 
D. liters 


13. The main reason why a technician must never heat a refrigerant storage container or recovery 
cylinder with an open flame is that__. 


A. it can result in venting refrigerant to the atmosphere 

B. the cylinder may explode, seriously injuring people in the vicinity 

C. the cylinder could be damaged, rendering it unusable until repaired 

D. the refrigerant in the cylinder may decompose, forming a toxic material 


14. Rupture discs and system purges must be vented into a storage container or__. 
A. back into the system 
B. another system 
C. outdoors 
D. recovery machine 


15. A___ is a form used for proving innocence in the face of an accusation of misconduct. 
refrigerant document 

work order 

Material Safety Data Sheet 

hazard signal 


90> 


Refrigerants are named accord- 
ing to their molecular makeup. 
Refrigerants are made of multi- 
ple molecules or are refrigerant 
: blends that are mixtures of refrig- 
erants. Mixtures can behave like 
a single new refrigerant or exhibit 
the independent behaviors of the 
individual refrigerants that make 
up the mixture. Refrigerants are 
classified by the operating pres- 
sures at which they are used in 
a system or by the refrigerant’s 
ability to harm the environment. 
Because refrigerants are reg- 
ulated by the EPA, many new 
environmentally safe refrigerants 
are being created as substitutes. 
Lubricating oils used in systems 
must be compatible with the re- 
frigerant In the system. 


REFI sare | 


The first refrigerants were fluorocar- 
bon refrigerants developed in the 
1920s. CFC-12 was the first commer- 
cially available refrigerant and was 
introduced in 1930, with CFC-11 being 
developed in 1932. The first HCFC 
refrigerant developed was HCFC-22, 
which was developed in 1936 and be- 
came popular for mass-produced air 
conditioning equipment. R-500, the 
first refrigerant blend, was introduced 
in 1950; R-502, the second refrigerant 
blend, was created in 1962. The newest 
refrigerants developed for mass pro- 
duction are the HFC refrigerants such 
as HFC-134a. 


A refrigerant is a fluid (liquid or vapor) in 
a refrigeration system that accomplishes 


to a 
vapor at low temperatures and pressures, 
and change from a vapor to a liquid at 
high temperatures and pressures. There is 
no universal refrigerant that can be used 
with all types of equipment and in all 
types of systems. See Figure 3-1. 


Refrigerants change from a liquid 


RARER II AM AL AUTRE IRT 


Most refrigerants used today were 
derived from methane or ethane mol- 
ecules. Methane and ethane are called 
hydrocarbons because their molecules 
consist of hydrogen and carbon. Halo- 
gens such as fluorine and chlorine were 
used to replace the hydrogen atoms to 
form a group of refrigerants called 


poner HTN ites 


See Figure s2 
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(SMALL APPLIANCES) 


Carrier Corporation 


(HIGH-PRESSURE APPLIANCES) 


Ozone depletion potential (ODP) is 
a number given to refrigerants to 
represent the relative ozone deple- 
tion potential of a refrigerant. Global 
warming potential (GWP) is a number 
given to refrigerants to represent the 
relative global warming potential of 
a refrigerant (refrigerants are con- 
sidered greenhouse gases). ODP and 
GWP numbers reflect the potential 
danger to the environment from indi- 
vidual refrigerants. The way in which 
refrigerants are chemically structured 
has created the categories of refriger- 
ants known as CFCs, HCFCs, HFCs, 
and PFCs. 


TYPE | 
(SMALL APPLIANCES) 


VFATED CRAAICN ounce 


TYPE III 


McQuay International 


(LOW-PRESSURE APPLIANCES) 


Chlorofluorocarbon (CFC) refrigerant 
is a refrigerant that consists of 
chlorine, fluorine, and carbon. For 
over 50 years, CFC refrigerants were 
the most widely used refrigerants 
and were thought of as miracle sub- 
stances. CFC refrigerants are stable, 
nonflammable, low in toxicity, and 
inexpensive to produce. 


[By1963, the onnuaheateaork (Came 
R-22, R-114, and R-113 CFC refrigerants 
were 372 million pounds. 


* VECNNICGG! TACI 


| | REFRIGERANT APPLICATIONS : 


Carrier Corporation 
CENTRAL AIR CONDITIONER 
TYPE Il 
(HIGH-PRESSURE APPLIANCES) 


= l “Yor International Corp. 
TYPE Ill 
(LOW-PRESSURE APPLIANCES) 


Figure 3-1. Because of the many types of air conditioning and refrigeration systems, many types of refrigerants are used. 


CCI3F 
TRICHLOROMONOFLUOROMETHANE 


CCIF; 
DICHLORODIFLUROMETHANE 


ATOFINA Chemicals Co. CHCIF, 
MONOCHLORODIFLUOROMETHANE 
METHANE 


ATOFINA Chemicals Co. CF3CH2F 
TETRAFLUOROETHANE 
ETHANE 


Figure 3-2. CFC, HCFC, and HFC are halo- 
carbon refrigerants that contain fluorine and 
therefore are called fluorocarbon refrigerants. 


vir n FC Pessan have 
an senrospheric lifetime that is long 


enough to allow the refrigerant to 
be transported by winds into the 
stratosphere. CFCs contain chlorine, 
which is the element responsible for 
destroying the ozone layer. Because 
CFC refrigerants are so harmful 
to the environment, CFC refriger- 
ants were the first refrigerants to 
be banned from production. CFC 
refrigerant production was stopped 
December 31, 1995. The Environmen- 
tal Protection Agency (EPA) banned 
the production, but not use, of CFC 
refrigerants in 1995. The production 
ban allows CFC refrigerants left in 
systems and at reclamation facili- 
ties to still be used. Over time, the 
increasing costs and inconvenience 
of obtaining CFC refrigerants will 
discourage most uses. Examples of 
CFC refrigerants are R-11, R-12, R-13, 
R-14, R-113, and R-114. 


include groups such as Halons™. See 
Figure 3-3. 


_ Chapter 3—Refrigerants and Oils | 


ATOFINA Chemicals Co. 


_ CFC refrigerants are sold in cylinders color-coded such as light green for R-22, 
_ purple for R-113, orange for R-11, medium blue for R-13, and coral for R-13B. 
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oor1* 
(WMO 
2002) 


Chemical Name 


opp3° 
(40 CFR) 


opp2* 
(Montreal 
Protocol} 


CFC-11 (CC13F) 
Trichlorofluoromethane 


CFC-12 (CC12F2) 
Dichlorodifluoromethane 


Halon 1211 (CF,CIBr) 
Bromochlorodifluoromethane 


Group li 


3.0 


CFC-112 (C2F2Cly) 
Tetrachlorodifluoroethane 


CFC-10 (CCl) 
Carbon Tetrachloride 


Methal Chloroform 
(C2H3Ch) 1,1,1- 
Trichloroethane 


A 


Methyl Bromide (CH3Br) 


Group VII 


Gwel' 
(WMO 
2002) 


10720 


= 4680 3800 4600 4000 75-69-4 


8100 10600 8500 75-71-8 


Chlorobromomethane 
(CH2BrCl) 


*in years 
t numbers from Scientific Assessment of Ozone Depletion, 2002 
* numbers from the Montreal Protocol 


= Vi 
0.12 


$ numbers from stratospheric ozone protection regulations-CAA 
, numbers from Intergovernmental Panel on Climate Change (IPCC) 
"numbers from IPCC Third Assessment Report: Climate Change 2201 


Figure 3-3. The EPA bas eight groups under the designation Class | - Ozone-Depleting Substances that are considered to present 


the highest danger to the environment. 


Hydrochlorofluorocarbons 


(HCFCs) 
Hy 


drochlorofluorocarbon (HCFC) : 
Srigerant is a refrigerant that consists 


Me- 


of hydrogen, chlorine, fluorine, and 


carbon. n a stn 


harmful to the envi 


a class of chemicals u 


im replacement fo: 


HCFCs contain chlorine and are 


classified as ozone-depleting chemi- 
cals, but to a much lesser extent than 
CFCs. Because HCFC refrigerants are 
less harmful than CFC refrigerants, 
HCFCs will be produced until the 
year 2030. HCFC molecules are not 
as stable as CFC molecules and have 
a much shorter lifespan. The shorter 
lifespan results in less damage to the 
ozone layer. Examples of HCFC re- 
frigerants are R-22, R-123, and R-124. 


HCFC refrigerants are classified as 
Class II substances. A Class II substance 
is a refrigerant that is considered to 
present a medium danger to the envi- 
ronment. The EPA has one group of 
Class II - Ozone-Depleting Substanc- 
es. See Figure 3-4. 


Hydrofluorocarbons (HFCs) 


mre in HEC C reftip. 


erants do contribute a small amount 
to global warming. HFC refrigerants 
are the long-term replacement for 
CFC and HCFC refrigerants. The 
most popular HFC refrigerant is 
HFC-134a. HFC-134a is a replacement 
for R-12. Other examples of HFC 
refrigerants are R-32, R-143a, R-152a, 
and R-125. 

HFC refrigerants are a separate 
group of refrigerants. HFC substanc- 
es are considered to present low dan- 
ger or no danger to the environment. 
The EPA has one group of HFC 
refrigerants. See Figure 3-5. 


opel! 
(WMO 


|- 2002) 


HCFC-21 (CHFCI,) 
Dichlorofluoromethane 


HCFC-22 (CHF,C1) 
Monochlorodifluoromethane 


HCFC-124 (C,HF,C) 
Monochlorotetrafluoroethane 


HCHFC-131 (C2H2FCh) 
Trichlorofluoromethane 


* in years 
numbers from Scientific Assessment of Ozone Depletion, 2002 


0.007-0.05 
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Difluoromethane 


Discussion on the phase- 
out of R-134a have been 
started by the White 
House. Refrigerant HFO- 
123YF is the leading 
alternative to replace 
R-1 34a at this time. 


Pentafluoroethane 


Tetrafluoroethane 


Difluoroethane 


Figure 3-5. HFC refrigerants are considered 
to present a low danger or no danger to the 
environment. 


Because HFCs absorb infrared radiation like a greenhouse gas, HFC ac- 
ceptability for the future is uncertain. HFC-1 34a and HFC-152a have global — 
warming potential (GVVP] numbers of approximately 1, compared to a GWP 
of 8.5 for CFC-12. While HFC-134a appears to be the most environmentally 
friendly alternative for newly manufactured equipment, other refrigerants are 
more attractive as So Spall for CFC-12 in existing systems. The direct « 
da esigned for CFC-12 results in about - 
e refrigeration system. The decrease 


in system een causes an increase in energy consumption due to the 
longer run times required to satisfy the cooling load. The increase in power 
consumption corresponds fo an increase in greenhouse gas emissions at 
the power plant. is — 


Re 
Number 


~ Gwrd 
(40 CFR) 


Gwe2' 
(SAR) 


 ODP2Í 


— Opp3® Gwel | GWP 
| (Montreal | (40 CFR) (WMO (TAR) 
otocol) | 2002) 


1780 1500 1700 1700 75-45-6 


2837-89-0 


` numbers from stratospheric ozone protection regulations-CAA 
! numbers from Intergovernmental Panel on Climate Change (IPCC) 
* numbers from IPCC Third Assessment Report: Climate Change 2201 


numbers from the Montreal Protocol 


Figure 3-4, The EPA has one group of Class Il - Ozone-Depleting Substances that are considered to present a medium danger to 


the environment. 
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Figure 3-6. A PFC refrigerant 
is considered to present a 
medium to low danger to the 
environment but has a high 
global warming potential. 


refrigerants do not deplete stratospheric 


ozone. However, PFCs have extremely 


nis 


sh olor 
bil BLL 
= 5 


and very long lifetimes. The high GWP 
is what is of concern to the EPA. PFC 
refrigerants are considered to have low 
to medium danger to the environment. 


See Figure 3-6. 


_ Chemical 
Name 


Cummins Power Generation 


Some pump designs have cooling jackets that circulate chilled water from 
low-pressure chillers that use refrigerants with high boiling points. 


HIGH-PRESSURE /LOW-PRESSURE 
REFRIGERANTS 


Refrigerants are also categorized by 
operating pressure. Refrigerants with 


low boiling points operate with high 


pressures. Refrigerants such as R-12, 
R-22, R-114, R-500, and R-502 are 
considered to be high-pressure refrig- 
erants. R-13 and R-503 refrigerants are 
considered to be very high-pressure 
refrigerants. Refrigerants with high 
boiling points operate with low pres- 
sures. Refrigerants such as R-11 and 
R-123 are considered low-pressure 
refrigerants. A low-pressure refrigerant 
can never replace a high-pressure re- 
frigerant in a system and a high-pres- 
sure refrigerant can never replace a 
low-pressure refrigerant in a system. 
There is no HFC replacement for R-11 
at the present time, but HCFC-123 is 
considered the interim replacement. 
See Figure 3-7. 


HFC-134a | R-134a | 102.0 
Blend 407C | R-407C 
R800 


R-502 111.6 


Very High-Pressure 


CFCS 
R23 


-115.7 


Figure 3-7. A low-pressure refrigerant can never 
replace a high-pressure refrigerant in a system 
and a high-pressure refrigerant can never 
replace a low-pressure refrigerant in a system. 
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Blends 


A 
binary blend consists of two different 
chemical compounds (refrigerants). 
R-500 refrigerant is a blend of R-12 
and R-152a refrigerants. Refrigerant 
R-502 is a blend of R-22 and R-115 
refrigerants. Both R-500 and R-502 are 
popular binary azeotropic mixtures. 
A ternary blend consists of three 
different chemical compounds (refrig- 
erants). R-407C is a refrigerant blend 
of R-32, R-125, and R-134a refrigerants 
and is a popular ternary near azeo- 
tropic mixture. See Figure 3-8. 


a i 
Chlorodifluoromethane 
(HCFC-22) 
Difluoroethane 
(HFC-152a) 
Chlorotetrafluoroethane 
$ 


Blend MP39 
(HCFC-124) 
Blend HP80 | R-402A | Chlorodifluoromethane 
(HCFC-22) 
Pentafluorotheane 
(HFC-125) 
Propane 
(R-290) 
R-407C | Difluoromethane 
(HFC-32) 
Pentafluoroethane 
(HFC-125) 
Tetrafluoroethane 
(HFC-134a) 


Blend 408A | R-408A | Pentafluoroethane 
(HFC-125) 
Trifluoroethane 
(HFC-143a) 
Chlorodifluoromethane 
(HCFC-22) 


Chlorodifluoromethane 
(HCFC-22) 

Chlorotetrafluoroethane 
(HCFC-124) 

Chlorodifluoroethane 
(HCFC-142b) 


R-409A 


Blend 409A 


LL 


Figure 3-8. A ternary blend consists of three 
different chemical refrigerants. For example, 
R-407C is a refrigerant blend of R-32, R-125, 
and R-134a refrigerants and is a popular ternary 
near azeotropic mixture (NARM). 


Azeotropic Refrigerant Mixtures 


CFC-500 and CFC-502 are azeotropic 
mixtures that contain R-12 or R-115 
(CFC) refrigerants. Because R-500 
and R-502 refrigerants contain CFCs, 
both mixtures are classified as CFC 
refrigerants. See Figure 3-9. 


R-22-48.8%/ 
R-115-51.2% 


R-23-40.1%/ 
R-13-59.9% 


R-125-50%/ 
R-143a-50% 


R-23-39%/ 
R-116-61% 


PFC-508A 


PFC-508B | CHF;/CF;CF; 
PFC-509A | CHCF2/CF,;CFCF3 


CHF;/CF3;CF3 


R-23-46%/ 
R-116-54% 


R-22-44%/ 
R-218-56% 


Figure 3-9. Because refrigerants R-500 and 
R-502 contain CFCs, both mixtures are clas- 
sified as CFC refrigerants. 


Azeotropic mixtures are the 500 
series of refrigerants, with 500 and 
502 being the most popular. Certain 
azeotropic mixtures are considered 
near azeotropic refrigerant mixtures 
(NARMs) and behave differently than 
the 500 series of refrigerants. Near 
azeotropic (zeotropic) mixtures have 
the vapor and liquid concentrations 
at a given temperature with pressures 
differing slightly. Measurements indi- 
cate that a number of near azeotropic 
mixtures have low toxicity, are non- 
flammable, and are more compatible 
with conventional lubricants. 


An azeotropic binary re- 
frigerant mixture creates 
a third refrigerant with its 
own individual charac- 
teristics. This refrigerant 
acts like a single com- 
ponent refrigerant over 
its entire pressure and 
femperature range. 
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Zeotropic-blended refrig- 
erants leak from a system 
in uneven amounts due 
to the different vapor 
pressures of the various 
refrigerants. 


Zeotropic blended retrig- 
erants are charged by 
weight into the high-pres- 
sure side of a system as 
a liquid. 


Zeotropic Refrigerant Mixtures 
Zeotropic mixtures are the 400 series 
of refrigerants. Refrigerant R-407C 
is a near azeotropic mixture that 
contains R-32, R-125, and R-134a 
HFC refrigerants. Because refrigerant 
R-407C contains all HFC refrigerants, 
the mixture is classified as an HFC 
refrigerant. See Figure 3-10. 


TROPIC REFRIGE 


i steer Composition by 
waters 


HCFC-401A| CHCIF,/CH3;CHF,/ R-22-53%/ 
CHCIFCF3 R-124-34%/ 
R-152a-13% 


R-22-61%/ 
R-124-28%/ 
R-152a-11% 


HCFC-401B | CHCIF,/CH3;CHF2/ 
CHCIFCF; 


HCFC-402A| CHCIF,/CHF,CF;/ R-22-38%/ 
C3He R-125-60%/ 
R-290-2% 
HFC-407C | CH2Fo/CHF,CF;/ 
CF,;CH2F 


R-32-23%/ 
R-125-25%/ 
R-134a-52% 


HFC-408A | CHF,CF3CH3CF3/ 
CHCIF, 


R-22-47%/ 
R-125-7%/ 
R-143a-46% 


Figure 3-10. Because refrigerant R-407C 
contains all HFC refrigerants, the mixture is 
classified as an HFC refrigerant. 


low Jacket Div., Ritchie Engineering Co., Inc. 


A substitute refrigerant used in a system may require that seals and gaskets in 


the system be replaced. 


blend in whic cont e Paa aaran 
of the mixture behave independent- 


ly. These independent characteristics 
cause a Sp a called fractionation. 
oe ee ae ee 
vapor are DEEE, 
with one or more refrigerants of a 
blend leaking eaiessanmansnest ania 
refrigerants of | blend. Zeotropic 
refrigerants baie a ral volumetric com- 
position change and temperature glide as 
they evaporate and condense. Temperature 
vide erre ROA 
refrigerants condense or evaporate 
for one given pressure. Fractionation 


and temperature glide are characteristics 
that can cause difficulty when charging 
refrigerant vapor into an appliance, 
when leaks occur, when reading pressure/ 
temperature charts, or when calculating 
superheat or subcooling. 


Substitute Refrigerants 


CFC refrigerants have not been man- 
ufactured since December 31, 1995. 
HCFC refrigerants are targeted for pro- 
duction termination in 2030. With the 
decrease in supply, prices will rise and 
availability will decrease. Manufacturers 
are developing replacement or substi- 
tute refrigerants for CFC and HCFC 
refrigerants. See Figure 3-11. Replacing 
CFC-12 with HFC-134a or CFC-11 with 
HCFC-123 refrigerants requires a refrig- 
erant retrofit. Refrigerant retrofit is the 
changing of refrigerants by following 
the instructions of the manufacturer 
for refrigerant replacement. A retrofit 
procedure includes the changing of 
components and oil to replace CFC 
refrigerants with HFC refrigerants. 


Zeotropic mixtures should not be used in un- 
modified equipment. However, performance 
improvements occur when they are used with 
modified systems. Systems using zeotropic 
refrigerant mixtures must be liquid charged. 
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Product Manufacturers 


__ Air Conditioning = 


HCFC 
Pure Fluid 


——— N 


centrifugal 
chillers 


Honeywell—Genetron 123 
Atofina—Forane 123 


There are no drop-in 
substitute refrigerants. 
Substitute refrigerants 
require a system retrofit. 


Low and Medium Temperature (Interim) 


DuPont—Suva R-402A HCFC/HFC | Higher discharge temperature and 
Blend average evaporator temperature 
above -20°F 


Honeywell —Genetron R-402A 
HCFC/HFC | No oil change above 20°F 
Blend evaporator temperature unless 
long piping exist 


Performs well with 20°F 
evaporator temperature or higher 


Ice Machines 
and open 
drives 


High- 
capacity 
temperature 


below 15°F 
| evaporator 
DuPont— Suva 134a 
Honeywell—Genetron 134a 


R-134a New 
equipment 
Atofina—Forane 134a 


DuPont—Suva R-401A 
Honeywell—Genetron R-401A 


Figure 3-11. Manufacturers are developing replacement or substitute refrigerants for CFC and 
HCFC refrigerants. 


REFRIGERANT OILS 


Refrigerant oil is oil used to lubricate the 
compressor bearings of a refrigeration 
system. Some oil circulates through- 
out the refrigeration system with the 
refrigerant. Because oil mixes with the 
refrigerant as it travels through the sys- 
tem, the oil must be compatible with the 
refrigerant. See Figure 3-12. Oil that is 
not compatible with the refrigerant will 
cause poor heat transfer, sludge pockets, 
and refrigerant breakdown. Alkylbenzene 
is a synthetic lubricant made from 
propylene and benzene that is used 
with HCFC-based refrigerants and re- 
frigerant blends. Glycol is a refrigerant 
lubricant used with HFC-based refrig- : : ; 
erants. Glycol lubricants are hygroscopic Refrigerant Oil Properties 
(meaning they absorb water) and cannot The air conditioning and refrigeration 
be retrofitted. An ester icant is a industry is changing CFC refrigerants 
econd generati to HCFC refrigerants and eventually 
} to all HFC and PFC refrigerants in 
ants. Ester lubricants cannot be mixed compliance with the Clean Air Act. 
with any other refrigerant lubricant. The oils used with refrigerants must 


Alkybenzene, glycol, polyol 

ester and mineral oil lubri- 

= cants must be compatible with 
Yellow Jacket Div, Ritchie Engineering Co, nc. the refrigerant in a system. 


UDTICaNt IS d 
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Refrigerants migrate to 
the crankcase of a com- 
pressor due to the density 
difference between re- 
frigerants and oils. 


be tested to determine which oil 
works best with a particular refrigerant 
and application. Using the proper 
refrigerant oil ensures that adequate 
oil returns to the compressor for 
lubrication. The basic properties of 
oils that are tested are viscosity, flash 
point, fire point, and pour point. See 
Figure 3-13. 


Alkylbenzene, Mineral Oil, or 
Polyol Ester 


R-402A Alkylbenzene or Polyol Ester 


R-402B Alkylbenzene or Polyol Ester 
R-404A Polyol Ester 
R-407C Polyol Ester 


Alkylbenzene, Mineral Oil, or 
Polyol Ester 


Polyol Ester 


Alkylbenzene, Mineral Oil, or 
Polyol Ester 


Alkylbenzene, Mineral Oil, or 
Polyol Ester 


Polyol Ester 

Polyol Ester 
* Check with compressor manufacturer for recommended lubricant 
Figure 3-12. Because the lubricating oil of a 
system mixes with the refrigerant as it travels 


through the system, the oil must be compatible 
with the refrigerant. 


R-508A 


R-508B 


Viscosity. Viscosity is the measurement 


of a fluid’s internal resistance to flow. 
Saybolt Universal Seconds is the test 
used to measure the viscosity of a 
fluid to determine the thickness or 
thinness (viscosity) of a fluid. 


Flash Point. Flash point is the tempera- 


ture at which a fluid’s vapor will ignite 
without the fluid igniting. Cleveland 
Cup is the test used to measure the 
flash point temperature of a fluid. 


mt is the tempera- 
ture (higher than flash point) at which 
a fluid will burn for at least 5 seconds. 
Cleveland Cup is the test used to 
measure the fire point temperature of 


a fluid. 


our Poi mt is the lowest 
temperature a fluid can be at and still 
flow. Arctic Cup is the test used to 
measure the pour point temperature 
of a fluid. 

The lubrication and antifoaming 
abilities of oils determine how well 
oils reduce friction, resulting in less 
mechanical wear and tear. Properly 
lubricated equipment results in equip- 
ment that is less noisy and operates at 
lower temperatures. 


` 


Waste Refrigerant Oil 


Refrigerant oils contaminated with 
CFCs from a system are not consid- 
ered hazardous if the refrigerant was 
not mixed with other waste, refriger- 
ants, or oil from other sources. If oil 
is destined to be burned, it is subject 
to EPA specification limits. The EPA 
must be contacted for proper han- 
dling and disposal methods of con- 
taminated oils and refrigerants. See 
Figure 3-14. 

Mineral oil is used to lubricate air 


- conditioning and refrigeration systems 


with CFC refrigerants. Mineral oil is 
compatible with some HCFC refrig- 
erant systems, but is not compatible 
with any HFC refrigerant systems. 
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TEMPERATURE 
CONTROLLED 
WATER BATH 


CONTAINER 


Because of the incompatibility of 
mineral oils with HCFC and HFC 
refrigerants, synthetic oils such as 
alkylbenzene, glycols, and esters are 
used. Alkylbenzene oils are used with 
systems that have HCFC refrigerants. 
Glycols and esters are used with 
systems that have HFC refrigerants. 
Compressor manufacturers recom- 
mend that a blend of oils be used for 
some blended refrigerant systems. 


EXPLOSION PROOF 


THERMOMETER 


NO OIL 
FLOW 


CUP 
FLUID UNDER 
TEST 


HEAT 
SOURCE 


Refrigerant oils do not work with 
the common desiccants of filter/dryers 
in a system. When oil is incompatible 
with the desiccant material of a dryer, 
the oil can be absorbed into the des- 
iccant, reducing the dryer’s ability to 
absorb water and causing a shortage of 
oil in the system. 


VAPOR IGNITES 
THERMOMETER 
EXPLOSION- 


PROOF 
CONTAINER 


HEAT 
SOURCE 


FLASH POINT—CLEVELAND OPEN CUP 


THERMOMETER 


COOLING 
SOURCE 
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Moisture Content: 
Ppm by weight of 
pure refrigerant 


STAN TAMINATED REFRIGERAN’ 


Particulate Content: 
Ppm by weight of 
pure refrigerant* 


Acid Content: 
Ppm by weight of 
pure refrigerant? 


Mineral Oil Content: 
% by weight of 
pure refrigerant 


Viscosity 


Noncondensable 
Gases (Air): 
% by volume 


Figure 3-14. The EPA must 


be contacted for proper han- 


dl ing and disposal methods + particulate content consists of inert material and complies with particulate requirements 
f . d il d i acid consists of 60% oleic acid and 40% hydrochloric acid on a total number basis 
or contaminated oils an synthetic ester-based oil 


refrigerants. 


jssion Questions 


= 


When were the first fluorocarbon refrigerants developed? 


Le 


What causes refrigerants to change state? 


Why were CFC refrigerants thought of as miracle substances? 


A Ww 


Why were CFC refrigerants banned? 


Why are PFC refrigerants of concern to the EPA? 


How are refrigerants with high boiling points used? 


N A v 


Why is R-407C a ternary blend refrigerant? 


Why do zeotropic refrigerants fractionate? 


V o 


What is the primary function of a refrigerant oil? 


10. Why are synthetic oils used in air conditioning and refrigeration systems manufactured today? 
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REVIEW QUESTIONS 


Name Date 
D 1. A refrigerant absorbing heat changes state froma __ toa___. 
A. liquid; solid 
B. solid; vapor 
C. vapor; liquid 


(P Ñiquid; vapor 
O o 2. Refrigerants made with fluorine are known as ____ refrigerants. 


A. hydrocarbon 
(8. Diluorocarbon 
C. halogen 
/ D. chlorofluorocarbon 
e 3. ___ is a number given to refrigerants to represent the relative ozone depletion potential of a 
refrigerant. 
A. CFC 
B. HCFC 
C. GWP 


ØD ODP 


A 4. ___ refrigerants are considered to be most harmful to the environment. 
(A) CFC 
B. HFCF 
C. HFC 
D. HCFC 


] ie 5. CFC-11 refrigerants, CFC-12 refrigerants, and Halons™ are Class ___- ozone-depleting substances. 


A.J 


( A 6. ___ refrigerants are the interim refrigerant replacements for CFC refrigerants. 


A. PFC 
B. HFC 


CÒ HCFC 


D. Halon™ 


B 7. ___ refrigerants have no chlorine atoms. 


A. CFC 


(BVHFC 


C. HCFC 
D. PFC 
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eS a 8. When HFC-134a is used as a direct replacement in a system designed for CFC-12, typically there 
is a___% decrease in the capacity of the refrigeration system. 


A. 2 
B. 5 
© 10 
D. 25 
( 9. ____ refrigerants have extremely high GWP numbers. 


A. CFC 
B. HFC 


G PFC 
D. HCFC 


‘fe 10. Refrigerants with low boiling points operate with ____ pressure(s). 


A. no 
B. low 
C. medium 


CD) high 


/ 11. A(n)___ is a refrigerant blend that behaves like a single new refrigerant. 


(A: azeotropic mixture 
B. zeotropic mixture 
C. ternary blend 
D. binary blend 


ẹ 12. __ is a range of temperatures where refrigerants condense or evaporate for one given pressure. 
A. Fractionation 
(B? Temperature glide 
C. Superheating 
D. Subcooling 


i 5 13. The second generation of lubricants designed for HFC refrigerants are the ___ lubricants. 


A. glycol 
© ester i 
16 alkylbenzene 

D. hygroscopic 


Ta 


14. __ is the temperature at which a fluid’s vapor will ignite without the fluid igniting. 
A. Viscosity 
@ Flash point 
C. Fire point 
D. Pour point 


D 15. When blended refrigerants ____, the oil builds up in sections of the system. 


A. dissolve 
B. mix 
C. combine 


(0) fractionate 


~= 


going natural cycle. In the past, 


` was essentially stable because 


Ozone Is constantly being pro- ` 
duced and destroyed in an on- 


the overall amount of ozone 


the production and destruction 
were balanced. In the 1970s, 
scientists became concerned . 
that certain chemicals were 
damaging the ozone layer that 
protects the earth from ultravio- 
let radiation. In the early 1980s, 
the discovery that the ozone 
layer was thinning in the south- 
ern hemisphere over Antarctica 
justified the concern of scien- 
tists. While the ozone layer did 
not completely disappear from 
the Antarctic area, the ozone 
layer had become so.thin that 
scientists referred to the area 
as a “hole In the ozone ao. 


=a te AWh ASI Pere 


I 


The atmosphere that surrounds the 
Earth has three main layers or regions. 
The region that covers the surface of 
the Earth to about 6 or 7 miles up 
is called the troposphere. The tropo- 
sphere is where oxygen (O,) is located 
for humans and animals to breathe. 
The region above the troposphere is 
the stratosphere. Ai 
approximately 8 m iles 
above the surface of the Earth. The 


alles to 30 m 


ozone (O,) layer is located in the 


stratosphere at approximately 28 miles 
above the Earths surface. The ozone 


layer plays the vital role of absorbing © 
harmful ultraviolet (UV) radiation ` 


from the sun. The region above the 
stratosphere is the ionosphere. The 
ionosphere is approximately 31 miles 
to 300 miles above the surface of the 
Earth. See Figure 4-1. 


STRATOSPHERE 
(8 miles — 30 Miles) 


TROPOSPHERE 
(Ground — 7 miles) 


OZONE LAYER 
(28 miles) 


IONOSPHERE 
(31 miles — 300 Miles) 


Figure 4-1. The atmosphere that surrounds the 
Earth has three main layers or regions: the tro- 
posphere, stratosphere, and ionosphere. 


Ozone is a gas that occurs at ground 
level and in the upper levels of the 
stratosphere. Ozone is undesirable 
when it exists at ground level, where 


ozone is harmful to breathe and is the 
prime ingredient in smog. However, 
ozone present in the stratosphere 
is beneficial because it protects the 
planet from UV radiation. The ozone 
layer acts as a blanket that protects 
the Earth from harmful UV radia- 
tion by keeping the radiation from 
reaching the planet’s surface. Ozone 
in the stratosphere is constantly being 
produced and destroyed in a natural 
cycle. Large increases of chlorine 
and bromine in the stratosphere are 
known to upset the natural balance 
of the ozone ee 


|The substances 
pioi m Break down the CFC 
molecules deplete the ozone layer. The 
decreased amount of ozone may let 
an increased amount of UV radiation 
penetrate the stratosphere and tropo- 
sphere and reach the surface of the 
planet. See Figure 4-2. Also, oxygen 
present in the stratosphere decreases 
the amount of UV radiation that the 
ozone layer is able to absorb. 
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HO DIOICL 


rere these a the UV in 
provides the next day's forecast of UV levels 
for 58 cities across the United States. 


Ozone Destruction 


Ozone is destroyed when ultraviolet 
radiation attacks a CFC molecule and 
breaks away chlorine atoms from the 
CFC molecule. The free chlorine atoms 
destroy ozone molecules (O,). Oxygen 
(O,) and chlorine monoxide molecules 
are formed in the stratosphere when 
chlorine atoms break down ozone mol- 
ecules. The chlorine monoxide mole- 
cule is so unstable that the chlorine 
and oxygen atoms separate, allowing the 
chlorine atom to be free to attack other 
ozone molecules and continuing the 
cycle. See Figure 4-3. Chlorine atoms 
or other ozone-depleting substances 
(ODSs) destroy ozone molecules, but 
not the individual atoms of the mole- 
cule. It is estimated that one chlorine 
atom can destroy over 100,000 ozone 
molecules before finally being removed 
from the stratosphere. 


== GOOD AND BAD OZONE 


Hoyt 


Figure 4-2. CFC molecules deplete the ozone layer, which may let an excess amount of UV radiation 
penetrate the stratosphere and troposphere and reach the surface of the planet. 
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ULTRAVIOLET 


- 
N . il 


(1) ULTRAVIOLET RADIATION (2) ULTRAVIOLET RADIATION 
BREAKS AWAY 


BREAKS DOWN 


OZONE 
CHLORINE MOLECULE 


ATOM 


CHLORINE 
ATOM 


(3) FREE CHLORINE ATOM 
COLLIDES WITH 


CFC MOLECULE CHLORINE ATOM OZONE MOLECULE 
OXYGEN CHLORINE CHLORINE 
MOLECULE MONOXIDE MONOXIDE CHLORINE OXYGEN 
MOLECULE MOLECULE ATOM a MOLECULE 
OXYGEN 6. 
ATOM 
kez CHLORINE ATOM (5) FREE OXYGEN ATOM (6) TWO OXYGEN ATOMS 
BONDS WITH OXYGEN COLLIDES WITH FORM OXYGEN 
ATOM FROM OZONE CHLORINE MONOXIDE MOLECULE, RELEASING 
MOLECULE MOLECULE CHLORINE ATOM 


Figure 4-3. Chlorine monoxide molecules are so unstable that the chlorine and oxygen atoms 
separate, allowing the chlorine atom to be free again to destroy 100,000 other ozone molecules. 


6 


Ultraviolet Radiation 


Ultraviolet radiation is the portion of 
the light spectrum that is damaging 
to living organisms. See Figure 4-4. 
CFCs release chlorine atoms when at- 
tacked by UV radiation and begin the 
cycle that results in ozone depletion. 
The greater the ozone depletion, the 
greater the amount of UV radiation 
janis m — of = on 


reduction paai 
a two percent increase in the amount 
of UV radiation reaching the surface 
of the planet. Although some UV 
radiation reaches the surface of the 
planet even without ozone depletion, 
the harmful effects of UV radiation 
increase as a result of ozone depletion. 


Ultraviolet radiation has been linked 
to skin cancer, cataracts, damage to 
materials like plastics, and harm to 
crops and marine organisms. 


Evidence of Ozone Depletion 


In the early 1970s, researchers began 
to investigate the effects of various 
chemicals on the ozone layer, partic- 
ularly CFCs, which contain chlorine. 
Researchers also examined the potential 
impacts of other chlorine sources. The 
results demonstrated that chlorine © 
molecules from swimming pools, in- 
dustrial plants, sea salts, and volcanoes - 
do not reach the stratosphere in any 
significant amounts. Chlorine com- 
pounds from these sources readily 
combine with water, and repeated 


An ozone molecule consists 
of three oxygen atoms. 


Scientists have measured 
the chlorine in the strato- 

sphere. 3% is from volca- 
nos, 15% is from methyl 
chloride, and 82% is from 


ate 5m 
fron 
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atmospheric measurements show 
that natural chlorine compounds very 
quickly rain out of the troposphere and 
fall to Earth. In contrast, CFCs are very 
stable and do not rain out of the at- 
mosphere. CFCs are so stable that only 
exposure to strong UV radiation can 
cause CFC molecules to break down. 

Scientists have concluded that not 
only is there ozone depletion, but 
that CFCs are doing the damage. 
Volcanic eruptions are powerful 
events and are capable of injecting 
hydrogen chloride (HCI) high into 
the atmosphere; but the vast majority 
of volcanic eruptions are too weak to 
eject material as high as the strato- 
sphere. See Figure 4-5. 


Similarly, oceans send large vol- 
umes of sea salt containing chlorine 
into the atmosphere on a daily basis. 
Sea salt from oceans is released by 
rain very low in the atmosphere. By 
being released very low in the atmo- 
sphere (in the troposphere), sea salt, 
and thus chlorine, never reaches the 
stratosphere. Rain effectively scrubs 
the lower atmosphere clean, removing 
the natural forms. of chlorine. Both 
sea salt and HCI are extremely soluble 
in water, as opposed to CFCs, which 
do not dissolve in water. If natural 
compounds such as sea salt and HCl 
accumulated in large quantities in the 
stratosphere, the compounds would 
produce ozone depletion. 


ULTRAVIOLET 
LIGHT 


VISIBLE LIGHT 


INFRARED 
LIGHT ~ 


RADAR 
TELEVISION 
AND FM RADIO ~ 
RADIO 
WAVES 


UVC RADIATION 
UVB RADIATION 
UVA RADIATION 


ULTRA- 
VIOLET 


Figure 4-4. Ultraviolet radiation is beyond the visible light spectrum seen by humans and is com- 


posed of three bands. 
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‘ge, SE = 
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NATURAL 


SOURCES ali 


Figure 4-5. CFCs are very stable and do not rain out of the atmosphere like natural chlorine. 


RAINOUT 


Ee 


as Halon™ used in human activities 
are the primary sources of chlorine 
atoms in the stratosphere. 


Measurements show that concen- 
trations of natural chlorine vanish 
very rapidly as altitude increases. 
Neither sea salt from ocean evapo- 
ration or tropospheric-level volcanic 
eruptions (such as Mt. Erebus in 
Antarctica) contribute significantly 
to stratospheric chlorine levels. The 
historical record shows no significant 
increase in stratospheric chlorine 
levels following even the most major 
volcanic eruptions. The dramatic 
increase in chlorine concentrations 
simply cannot be explained by a con- 
current increase in volcanic activity. 

It is the stability of CFC molecules 
that allows the threat to the ozone 


layer to occur. Chlorine monoxide 

_ found in the upper stratosphere is 
—— — 

layer is being destroyed. The strongest 

evidence that CFCs are in the strato- 

sphere is a measurement of CFCs in 

air samples from the stratosphere. See 
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Source—Environmental Protection Agency 


Figure 4-6. It is presently accepted ; 
that CFCs and other substances such ` 


Figure 4-6. The strongest evidence that CFCs are 
in the stratosphere is a measurement of CFCs in 
air samples from the stratosphere. 
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Effects of Stratospheric Ozone the EPA, millions of people live in 
Depletion and Ground-Level areas where ozone health standards 
Ozone Accumulation are not met. See Figure 4-7. Low-lev- 


There are human and environmental el ozone also damages vegetation 
effects of ozone depletion. Ozone de- and ecosystems. 

pletion contributes to or can cause skin 
cancer (which is now one of the fastest 
growing forms of cancer), cataracts, and 
damage to the human immune system. 
Ozone depletion affects marine and 
plant life by reducing growth. Ozone 
depletion also leads to a reduction 1n ag- 
ricultural crops and commercial forest 
yields, reduced growth and survivabil- 
ity of tree seedlings, and an increased 
susceptibility to diseases and pests. At 
present, ozone depletion is limited to 
certain regions, but is considered a 
global problem. 


EEEE ee | 
The effects of ground-level (bad) 120 150 160 210 240 270 300 330 360 390 420 450 


Á The ozone hole (ozone thinning of 70%) is a large- 
According to scale destruction of the ozone layer over Antarctica. 


EFFECTS OF LOW-LEVEL OZO 


Ozone Level ‘Health Effects and Protective Actions 


Moderate Yellow 51 to 100 Unusually sensitive people may experience respiratory effects from 
prolonged exposure during outdoor exertion 
*Limit prolonged outdoor exertion 

Unhealthy for Sensitive people may experience respiratory symptoms and reduced 
sensitive groups lung functions 

*Limit time and amount of outdoor exertion 
“Plan outdoor activities by checking predicted state agency ozone levels 

Unhealthy 151 to 201 Anyone can experience respiratory effects (cough or deep pain) 
*Children should limit outdoor exertion 
*Plan outdoor activities by checking predicted state agency ozone levels 


Very Unhealthy | Violet | 201 to300 | Everyone will experience moderate to severe lung function 

reduction and some will experience severe respiratory effects with 
moderate exertion 

People with asthma or or other respiratory conditions will be severely 
affected, leading to increased medication usage and need for 

medical attention 


*Sensitive people must avoid outdoors, others and children should 
limit outdoor exertion and avoid moderate to heavy exertion 


Hazardous 301 to 500 *Everyone must avoid any outdoor exertion 


Figure 4-7. According to the EPA, millions of people live in areas where health standards for ozone 
exposure are not met. 
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_ Energy from the sun drives the weather and climate of the Earth and heats the Earth’s surface. The 
Earth radiates some of the sun’s energy back into space. Atmospheric greenhouse gases (water 
vapor, carbon dioxide, and other gases) trap some of the outgoing energy, retaining heat like 
the panels of a greenhouse. Without the natural greenhouse effect, temperatures would be much - 
lower than they are, and life today would not be possible. With natural greenhouse gases, the - 
average temperature of the Earth is 54° ya DOMINE PIT] gs fm 


Since the beginning of the Industrial Revolution, atmospheric concentrations of carbon dioxide 
have increased 141%, methane concentrations have increased 260%, and nitrous oxide con- 
centrations have increased 120%. $ Poea ee a 


ror 


Global mean temperatures have increased 0.5°F to 1.12°F since the late 19th century. The 


past century's 10 warmest years all occurred between 1998 and 2014, The warmest year 


ever was 2010. 


J /KTMOSPHERE y -SOUNA 
; / ABSORBED 
$ V EARTH'S SURF 


ft EARTH 


Source—Environmental Protection Agency 


GLOBAL WARMING 


Besides ozone depletion, there is another 


posp! temperatures can 
have consequences such as drought, 
disease, floods, and lost ecosystems. 
Global warming and ozone deple- 
tion are both caused by man-made 
chemicals. Greenhouse gases such as 
CFCs contribute to global warming. 
CFCs have high ozone-depleting po- 
tential (ODP) numbers and high glob- 
al warming potential (GWP) numbers. 
HCFCs have low ODP numbers, 


HFCs have zero ODP numbers, and : 


both have low GWP numbers com- 
pared to CFCs. See Figure 48. 


eren a i 
Cocas | s | os |s 

Perce | 3 | 10 | 93 
Cocas | mo | os | os | 
Cacia | 4 | oo | ow | 
Pucre-126 | 6 | 002 | 48 
parce | s | 0 | 055 
meas [2 | 0 | 34 
Pure | e | o f a 
meast | 20 | o | oa | 


* in years 
t Ozone Depletion Potential (ODP) 
Global Warming Potential (GWP) 


The ozonedepleting poten- 
tial (ODP) is the measure- 
ment of the ability of CFC 
and HCFC refrigerants to 
destroy ozone. CFC [R-1 1 
and R-1 2) refrigerants have 
the highest ODP while HFC 
(R-134a) refrigerants have 
the lowest ODP. 


> Technical Fact 


Figure 4-8. CFCs have high 
ozone depletion potential 
(ODP) numbers with high glob- 
al warming potential (GWP) 
numbers compared to most 
HCFC and HFC refrigerants. 
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1. What are the three main regions of the atmosphere? 

2. How is the surface of the Earth protected from UV radiation? 

3. How do chlorine atoms destroy ozone molecules? 

4. How does stratospheric ozone depletion affect surface UV radiation? 

5. Why do scientists believe that CFCs are depleting the ozone layer? 

6. How do natural and man-made chlorine rise through the atmosphere? 

7. How do high-level ozone depletion and low-level ozone accumulation affect humans? 
8 


. How do CFCs affect global warming? 
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Access Code: 827160 


Xj on IDEN ied SIN NES à 


Digital Resources 


Ozone Depletion 


REVIEW QUESTIONS 


Name 


= ane 


Date 


The ____ is the layer of the atmosphere approximately 8 miles to 30 miles above the surface of 
the Earth. 


A. stratosphere — 
B. ionosphere 
C. mesosphere 
D. troposphere 


. The ozone layer is part of the __. 


A. stratosphere 
B. ionosphere 
C. mesosphere 
D. troposphere 


. The ozone layer protects the planet surface from ___. 


A. losing oxygen 
B. ozone molecules 
C. UV radiation 


D. chlorine atoms 


. CFCs take ___ to journey up to the ozone layer. 


A. 1 month 

B. several months 
C. 1 year 

D. several years 


. To help the American public, the EPA provides a daily forecast of the next day’s ___ number. 


A. GWP 

B. chlorine monoxide 
C. UV index 

D. oxygen 


. CFC molecules are destroyed by ___. 


A. UV radiation 

B. chlorine atoms 
C. oxygen atoms 
D. ozone molecules 


. Ozone molecules are destroyed by __. 


A. UV radiation 


(B) chlorine atoms : 


C. oxygen atoms 
D. CFC molecules 
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® 15. 


12. 


13. 


. Scientists believe that a 1% reduction in the ozone layer results ina ___ % increase in UV radiation 


reaching the surface of the planet. 
A. 1 
ae 
C. 4 
D. 10 
___ from swimming pools and sea salts rains out of the troposphere and does not reach the 
stratosphere. 
A. Radiation 
B. Carbon Monoxide 
C. Oxygen 


. — found in the upper atmosphere indicates that ozone molecules are being destroyed. 


A. Oxygen 
B. UV radiation 
D. Smog 


. CFCs and substances such as __ are the primary source of chlorine molecules in the stratosphere. 


A. HFCs 

B. Halons™ 

C. carbon monoxide 
D. HCFCs 


The effects of ground-level (bad) ozone accumulation are typically experienced in __ weather. 
A. hot 
B. warm 
C. cool 
D. cold 


The primary effect of ground-level ozone accumulation is __. 
spiratory symptoms 
B. skin cancer 
C. cataracts 


D. reduced growth 


Global warming is also known as __. 
A. ODP 
B. CFC 
C. ozone depletion 
D. the greenhouse effect 


Global warming occurs when heat is trapped in the ___. 
A. ozone layer 
B. troposphere 
C. stratosphere 
D. ionosphere 


In the 1970s, scientist? named 
M. J. Molina and F. S. Rowland: 
- presented the case that CFCs — 
and bromine are responsible for 
ozone depletion. Because of the 
theory of Molina and Rowland, 
plus public concern, a series 
of international meetings were 
held in the 1980s to address the 
concerns of ozone depletion; 
these meetings produced a 
report known as the Montreal 
Protocol. In the 1990s, the Unit- 
ed States’ Clean Air Act was 
amended to institute a national 
policy to control substances 
that deplete the ozone layer and 
cause global warming. 


al 


On September 16, 1987, the United 
States and 22 other countries signed 
the Montreal Protocol on substanc- 
es that deplete the ozone layer. The 
Montreai Protocol is an international 
environmental agreement that estab- 
lishes requirements to phase out ozone- 
depleting CFC substances worldwide. 
See Figure 5-1. Many members of the 
international community responded 
to the discovery of the hole in the 
ozone layer over Antarctica by sign- 
ing the Montreal Protocol agreement 
to reduce the production of ozone- 
depleting substances. The requirements 
of the Montreal agreement were later 
modified, leading to the phaseout of 
CFC refrigerant production in 1996 
in all developed nations. In addition, 
a 1992 amendment to the Montreal 
Protocol established a schedule for 
the phaseout of HCFC refrigerants. By 
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May 14, 1993, more than 90 nations, 
representing approximately 95% of 
the companies in the world that pro- 
duce CFCs and Halons™, had signed 
the Montreal Protocol. The Montreal 
Protocol as amended is implemented 
in the U.S. through Title VI of the 
Clean Air Act, which is enforced by 
the Environmental Protection Agency 
(EPA). As of June 2003, 168 nations 
had signed the Montreal Protocol. 


As part of the Omnibus Budget 
Reconciliation Act of 1989, the U.S. 
Congress levied an excise tax on the 
sale of CFCs and other chemicals that 
deplete the ozone layer, with specific 
exemptions for exports and recycling. 
The original excise tax was amended 
in 1991 with a tax increase. 


The Montreal Protocol is a treaty among 
nations that controls the production of chlo- 
rofluorocarbon and hydrochlorofluorocarbon 
refrigerants. 
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Figure 5-1. The Montreal 
Protocol is an international 
environmental agreement that 
establishes requirements for 
phasing out ozone-depleting 
CFCs worldwide. 


The EPA 1990 ANPRM notice and the Montreal Protocol—Copenhagen revisions 


Advance Notice of Proposed 
Rulemaking (ANPRM) 


On May 1, 1990, the EPA published an 
advance notice of proposed rulemak- 
ing (ANPRM, 55 FR 18256) that 
addresses issues related to the devel- 
opment of a national CFC recycling 
program. The ANPRM notice em- 
phasized the importance of recycling 
CFC refrigerants and allowed the 
continued use of equipment requiring 
CFC refrigerants. See Figure 5-2. 


of 1992 emphasized the importance of recycling CFC refrigerants for continued 
use in air conditioning equipment. 


United Nations Development Programme 
[UNDP] Montreal Protocol Unit (MPU) works with 
public and private partners in countries to meet 
the targets of the Montreal Protocol. 


London Amendments to the 
Protocol 


At the second membership meeting of 
the Montreal Protocol parties, held in 
London on June 29, 1990, the parties 
to the Protocol passed amendments 
and adjustments which called for a 
full phaseout of already regulated 
CFC refrigerants and Halons™ by the 
year 1996. The parties also voted to 
phase out HCFCs by the year 2020, 
but with the possibility of allowing 
use until the year 2040. 


Copenhagen Revisions to the 
Montreal Protocol 


On November 25, 1992, the fourth 
meeting of the Montreal Protocol 
parties was convened in Copenhagen. 
The attending parties took a number 
of actions, including acceleration of 
the phaseout of CFC refrigerants and 
Halons™. HCFC refrigerants were also 
added to the list of chemicals to be con- 
trolled under the Montreal Protocol. The 
new schedule stopped the production 
of Halons™ after 1993 and CFCs after 
1995. HCFC refrigerants can be pro- 
duced until 2030. Talks may accelerate 
the schedule to the year 2020. 

The Montreal Protocol is a global 
policy and the Clean Air Act (CAA) 
is a federal law of the United States. 
Some state and local governments 
may establish laws that follow the 
Clean Air Act/EPA regulations or 
establish laws with stricter regulations. 
Title VI- Stratospheric Ozone Protection 
of the Clean Air Act includes require- 
ments for recycling, disposal, and 
emissions reduction for Class I (CFCs 
and Halons™) and Class II (HCFCs) 
substances. See Figure 5-3. 


Yol, {$7 Mo. 238 Thursday, December 10, 1992 p SE644 (Proposed Rule 
1761 
TIVIROMNITAL, 


40 CPR Part 62 
UPRL-4542-9) 
Protection of Stratospheric Oscne; Refrigerant Recycling 
AGENCY: Mnvircowantal Protection Agency. 


ACTION: Proposed Rule. 


55 FR 18256 


PROTECTION AGENCY 


DATES: Written comments on the 


SUMMARY: 
608 of the Clean Air Act (the Act) that would establish a recycling 


P: 
servicing and disposal of alr conditioning or refrigaration 


In thie document, EPA proposas regulations under section 


for ozone depleting refrigerants recovered during the 


are listed in the following outline: 
I. Background 


A. Drone Depletion 


C. Rxcise Tax 


D. London Amendments to the Protocol 


F. Clean Air Act Amendments of 1990 


II. Section 608 of the Clean Air Act 
IIL. Today's Proposed Rule 


A. 2quipaent Affected 


S. Montreal Protocol and EPA's Implementing Regulations 


E. Mivance Notice of Proposed Rulemaking Regarding Recycling 


_ Chapter 5—Regulatory Requirements 


To stop damage to the 
stratospheric ozone layer, 
the United States regu- 
lates, and will ultimately 
eliminate, the use of CFC 
refrigerants. By 1996, 
supplies of CFC refrig- 
erants for equipment ser- 
vicing were required to 


end tharefore aid U.S, and giobal efforte to 
to the orone layer. 
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On May 1, 1990, EPA published an advance notice of proposed 
rulemaking (ANPRM, 55 FR 18256) addressing issues related to the 
development of a national CFC recycling program. This notice 
emphasized that recycling is important because it would allow the 
continued use of equipment requiring CFCs for service past the 
year in which CFC production is phased out, thereby eliminating or 
deferring the cost of early retirement or retrofit of such 
equipment. The Agency continues to believe that the continued use 
of these substances in existing equipment that recycling would 
allow can serve as a useful bridge to alternative products while 
minimizing disruption of the current capital stock of equipment: 

The ANPRM asked for comment on the feasibility of recycling in 
various CFC end uses and also asked for comment on methods, such 
as a deposit/refund system, that could be employed to encourage 
recycling. The Agency received 110 public comment letters in 
response to the ANPRM. In general, most commenters recognized the 
need for recycling to be established to help efforts to protect 
the ozone layer and to provide a source of refrigerant to service 
existing capital equipment after the phaseout of CFC production is 
complete. 


t Commence should be submitted 


Figure 5-2. The ANPRM, 55 
FR 18256 Notice emphasizes 
the importance of recycling 
CFC refrigerants and allowing 
the continued use of equip- 
ment requiring CFCs. 


Title |— Air Pollution Prevention and Control 
Part A — Air Quality and Emission Limitations 
Part B — Ozone Protection (replaced by Title VI) 
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Sec. 610. Nonessential products containing 
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Sec. 614. Relationship to other law 

Sec. 615. Authority of Administrator 

Sec. 616. Transfers among Parties to the 
Montreal Protocol 
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Definitions 
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Monitoring and reporting 
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Accelerated schedule 

Exchanges (exchange authority) 
National recycling and emission 
reduction program 

Servicing of motor vehicle 

air conditioner 


Figure 5-3. Title VI— 
Stratospheric Ozone Protection 
of the Clean Air Act includes 
requirements for recycling 
and disposal of, and emissions 
reduction from, Class | (CFCs 
and Halons™) and Class II 


(HCFCs) substances. 


CLEAN AIR ACT AMENDMENTS 


The Clean Air Act Amendments 
(CAA) of 1990, signed November 15, 
1990, included requirements for con- 
trolling ozone-depleting substances 
that in some cases were more stringent 
than those contained in the 1990 
amendment of the Montreal Proto- 
col. In addition, Title VI of the CAA 
includes many provisions intended 
to reduce emissions of ozone-depleting 
substances. Section 608 of the CAA 
promotes minimizing emissions and 
maximizing recycling of ozone-depleting 
substances. President George H. Bush 
announced on February 11, 1992, that 
the U.S. would unilaterally accelerate 
the phaseout schedule for ozone- 
depleting substances, and called upon 
other nations to do so as well. Presi- 
dent Bush also asked CFC-, HCFC, 
and Halon-producing countries to 
voluntarily reduce production of 
ozone-depleting substances. 


Section 608 of the Clean Air Act 


Amendments including the final 
regulations implementing Section 
608 of the 1990 CAA were published 
on May 14, 1993, as 58 FR 28660; on 

August 19, 1994, as 59 FR 42950; and 

on November 9, 1994, as 59 FR 55912. 

The prohibition on venting ozone- 

depleting substances became effective 

on July 1, 1992. Under Section 608 of 
the CAA, the EPA has established reg- 
ulations that do the following: 

e Require service practices that max- 
imize recycling of ozone-depleting 
substances, such as chlorofluorocar- 
bons (CFCs) and hydrochloroflu- 
orocarbons (HCFCs), during the 
servicing and disposal of air con- 
ditioning and refrigeration equip- 
ment. See Figure 5-4. 

e Set certification requirements for 
recycling and recovery equipment, 
technicians, and reclaimers. 
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e Restrict the sale of refrigerants only 
to certified technicians. 

e Require persons or technicians 
servicing or disposing of air con- 
ditioning and refrigeration equip- 
ment to prove to the EPA that 
recycling and recovery equipment 
being used is in compliance with 
EPA rules. 

e Require the immediate repair of 
substantial leaks in air condition- 
ing and refrigeration equipment 
with a charge greater than 50 lb. 

e Establish safe disposal require- 
ments to ensure the removal of 
refrigerants from goods such as 
motor vehicle air conditioners, 
home refrigerators, and room air 
conditioners and prevent them 
from entering the waste stream with 
the refrigerant charge intact. 


The Prohibition on Venting 
Effective July 1, 1992, Section 608 of 
the CAA prohibits individuals from 
knowingly venting CFC and HCFC 
ozone-depleting substances into 
the atmosphere while maintaining, 
servicing, repairing, or disposing 
of air conditioning or refrigeration 
equipment (appliances). Only four 
types of releases are permitted under 
the prohibition: 

e “De minimis” (minimal) quan- 
tities of refrigerant released in 
the course of making good faith 
attempts to recover, recycle, or 
safely dispose of refrigerant. See 
Figure 5-5. 

e Refrigerant releases during the nor- 
mal operation of air conditioning 
and refrigeration equipment, such 
as from mechanical purging and/ 
or leaks. However, the EPA does 
require the repair of leaks above a 
specific size in large equipment. 


Releases of CFCs or HCFCs that 
are not used as refrigerants. Any 
heat transfer fluids are considered 
refrigerants. For example, mixtures 
of nitrogen and R-22 that are used 
as holding charges or as leak test 
gases may be released, because 
the ozone-depleting compound 
is not used as a refrigerant. How- 
ever, technicians may not avoid 
recovering refrigerant by adding 
nitrogen to a charged system. 
Otherwise, the CFC, HCFC, 
HFC, or PFC vented along with 
the nitrogen is considered a re- 
frigerant. Similarly, pure CFCs or 
HCFCs released from appliances are 
presumed to be refrigerants, and any 


release is considered a violation of 
the prohibition on venting. 

Small releases of refrigerant that 
result from purging hoses or from 
connecting or disconnecting hos- 
es to charge or service appliances 
will not be considered violations 
of the prohibition on venting. 
However, recovery and recycling 
equipment manufactured af- 
ter November 15, 1993, must be 
equipped with low-loss fittings. 


The Clean Air Act allows businesses to apply 
for a refrigerant release permit. 
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EPA regulations require 
the installation of a ser- 
vice aperture, or process 
stub, on all appliances 
using Class 1 or Class 
2 refrigerants. The main 
purpose of this require- 
ment is to make it easi- 
er to recover refrigerant 
without leaking it to the 
atmosphere. 


NEW REFRIGERANT 
CYLINDER 


-Technicians must prove to the 
EPA that recycling and recover, 
equipment being used is 
compliant with EPA rules 
—— —E 


== 


for recycling and re l 
equipment, technicians, and 
reclaimers 


RECOVERY 
UNIT 


Maximize the recycling of ozone- — 
depleting substances during 
servicing and disposal of 
equipment 


RECOVERY 
CYLINDER 


Figure 5-4. The EPA has established regulations under Section 608 of the Clean Air Act fo regulate the handling of ozone- 


depleting substances. 
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Figure 5-5. Four types of 
refrigerant releases are al- 
lowed under the Clean Air 
Act venting prohibition. 
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Venting Prohibition for 

Refrigerant Substitutes 

An amendment was added in Novem- 
ber 1995 to Section 608 of the CAA 
that prohibits the venting of substitute 
refrigerants during the maintenance, 
service, repair, and disposal of air 
conditioning and refrigeration equip- 
ment unless the EPA determines that 
the release of the substance does not 
pose a threat to the environment. The 
EPA considers a number of factors 
in making the threat determination 


such as the toxicity, flammability, 
and long-term environmental impact 
(ODP and GWP) of the substitute 
refrigerant. Also, the EPA looks at reg- 
ulations under other authorities such 
as OSHA or from other EPA require- 
ments that might affect the decision. 
Based on all the considerations, the 
EPA is planning to add hydrofluoro- 
carbons (HFCs) and perfluorinated 
compounds (PFCs) to the types of 
substitute refrigerants under the vent- 
ing prohibition of Section 608. 
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The EPA is also planning to ex- 
empt ammonia, hydrocarbons, and 
chlorine-which are approved for use 
only in industrial process refrigeration 
systems—and CO, and water refriger- 
ants from the venting prohibition of 
Section 608. The planned exemptions 
apply only to applications of refriger- 
ants that have been approved under 
the Significant New Alternatives Poli- 
cy (SNAP) of the EPA. The applicabil- 
ity of the recycling requirements for 
substitute refrigerants in other appli- 
cations, such as hydrocarbon refriger- 
ants in household refrigerators, will 
be considered when the substitutes for 
specific applications are submitted for 
SNAP review. See Figure 5-6. 


Publication! 
Date Citation 


SNAP ANPRM 1/16/92 | 57 FR 1984 —_ 
SNAP Proposal | 5/12/93 | 58 FR 28094 a 
SNAP Final Rule} 3/18/94 |59 FR 13044 | 4/18/94 


8/26/94 | 59 FR 44240 | 8/26/94 


6/3/03 86 FR 3284 | 6/3/03 
8/21/03 | 68 FR 50533 | 8/21/03 


Notice 1 


Proposed Rule 12 


Figure 5-6. The SNAP program of the EPA reviews 
alternatives to ozone-depleting substances. 


SNAP reviewers understand that 
it can be dangerous to use CFC and 
HCFC recovery equipment to recover 
ammonia, hydrocarbons, or chlorine. 
However, users of hydrocarbons, am- 
monia, and pure chlorine refrigerants 
must continue to comply with all appli- 
cable federal, state, and local regulations 
on emissions of refrigerant substitutes. 


Persons wishing to file a SNAP Information 
Notice typically spend 150 hours to gen- 
erate, maintain, and provide information 


to the EPA. 


Service Practice Requirements 


New EPA regulations affect the way 
equipment is serviced. Refrigerant 
leak testing, recovery, evacuation, and 
charging must be performed with 
the most recent regulations in mind. 
All procedures that are in place for 
refrigerant recovery, evacuation, and 
charging have the intent of minimiz- 
ing any system contamination and 
refrigerant loss. 


Evacuation Requirements. Since July 
13, 1993, when opening air condition- 
ing and refrigeration equipment, tech- 
nicians have been required to evacuate 
the equipment to established vacuum 
levels. If the recovery or recycling 
equipment being used by the tech- 

nician was manufactured any time 
before November 15, 1993, the air con- 
ditioning or refrigeration equipment 
must be evacuated to specific levels 
described in the evacuation table. If 
the recovery or recycling equipment 
was manufactured on or after Novem- 
ber 15, 1993, the air conditioning and 
refrigeration equipment must be evac- 
uated to other specific levels described 
in the evacuation table. See Figure 5-7. 
An EPA-approved equipment testing 
organization must certify all recovery 
and recycling equipment. Technicians 
who are adding refrigerants to top off 
appliances or systems are not required 
to evacuate the systems. 


The EPA is proposing to expand the list of re- 
frigerants to include alternatives that are more 
climatefriendly and for those refrigerants that 
have a low global warming potential (GVVP). 
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refrigerant (CFC-12, -114, -500, -502) 


Other high-pressure appliance* normally containing 200 lb or more of 


refrigerant (CFC-12, -114, -500, -502) 


* or isolated component of appliance 
in in. Hg. 


HCFC-22 appliance* normally containing 200 lb or more of refrigerant 


Other high-pressure appliance* normally containing less than 200 Ib of 


Very high-pressure appliance* (CFC-13, -503) 
Low-pressure appliance* (CFC-11, HCFC-123) 


Figure 5-7. Recovery and recycling equipment manufactured before November 15, 1993 removes 
refrigerants from air conditioning and refrigeration systems fo less stringent evacuation levels than 
equipment manufactured after November 15, 1993. 


Exceptions to Evacuation Require- 
ments. The EPA has established lim- 
ited exceptions to the evacuation 
requirements for repairs to leaky equip- 
ment such as repairs that are not con- 
sidered major, and when evacuation of 
the equipment to the environment is 
not required. When, due to leaks, evac- 
uation to the appropriate table levels 
is not attainable or would substantially 
contaminate the refrigerant being recov- 
ered, technicians opening an appliance 
must do the following: 

e Isolate the leak from nonleaking 
components. 

e Evacuate nonleaking components to 
the appropriate pressure levels. 

e Evacuate leaking components to 
the lowest pressure level that can be 
attained without substantially con- 
taminating the refrigerant. The lowest 
pressure level cannot exceed 0 psi. 

If evacuation of the equipment is 


not to be performed when repairs are 

complete, and the repair is not consid- 

ered major, then the appliance must 
meet the following requirements: 

e It must be evacuated to at least 0 psi 
before it is opened if it is a high- or 
very high-pressure appliance. 

e It must be pressurized to 0 psi be- 
fore it is opened if it is a low-pressure 
appliance. Methods that require 
subsequent purging with nitrogen 
cannot be used except with appli- 
ances containing R-113 refrigerant. 
See Figure 5-8. 


Reclamation Requirement. The 
EPA has also established that re- 
frigerant recovered and/or recycled 
can be returned to the same sys- 
tem or other systems owned by the 
same person without restriction. If 
the refrigerant changes ownership, 
the refrigerant must be reclaimed 
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unless the refrigerant was used only 
in a motor vehicle air conditioner 
(MVAC) or MVAC-like appliance 
and will be used in the same type of 
appliance. Reclaiming is the cleaning 
and treating of a refrigerant to the 
ARI 700-1993 purity standard, with 
a chemical analysis having been per- 
formed that verifies the refrigerant 
is as good as new. Refrigerants used 
in MVACs and MVAC-like appliances 
are subject to the purity requirements 
of the MVAC regulations in 40 CFR 
Part 82, Subpart B. 


Technician Certification 

The EPA has established a technician 
certification program for technicians 
who perform maintenance, service, or 


repair, or who dispose of equipment 
that could be reasonably expected 
to release refrigerants into the atmo- 
sphere. The definition of the term 
“technician” specifically includes and 
excludes certain activities. 


Included Activities. The definition 
of “technician” includes activities 
such as the following: 

e Attaching and detaching hoses 
and gauges to and from an appli- 
ance to measure pressure within 
the appliance. See Figure 5-9. 


e Adding refrigerant to or remov- 
ing refrigerant from an appliance. 


e Any activity that violates the integ- 
rity of the refrigerant circuit while 
refrigerant is in the system. 
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When a relief valve is 
found to have internal 
corrosion, the valve must 
be replaced. 


> Technical Fact 


Figure 5-8. Purging pressur- 
izes a system using a pres- 
sure source such as nitrogen. 
Nitrogen can also be used to 
pressurize a system to check 


for leaks. 
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Figure 5-9. The EPA has 
established a technician cer- 


tification program for techni- 


cians who maintain, service, 
repair, or dispose of equip- 
ment that could reasonably 
be expected to release refrig- 
erants into the atmosphere. 


Any activity that violates the 
integrity of a refrigerant circuit 


SELF-CONTAINED 
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Carrier Corporation 


GAUGE SET 
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i Adding refrige ants to or removin 
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Excluded Activities. The definition of 
“technician” excludes activities such as 
the following: 

e Activities that are not reasonably 
expected to violate the integrity 
of the refrigerant circuit, such as 
painting the appliance, rewiring an 
external electrical circuit, replacing 
insulation on a length of pipe, or 
tightening nuts and bolts on the 
appliance. See Figure 5-10. 

e Maintenance, service, repair, or 
disposal of appliances that have al- 
ready been evacuated in accordance 
with EPA requirements, unless the 
maintenance consists of adding 
refrigerant to the appliance. 


e Servicing MVACs, which are subject 


to the certification requirements of 
the MVAC refrigerant recycling rule. 
The MVAC refrigerant recycling rule 
falls under section 609 of the CAA. 


e Disposing of MVACs, MVAC-like 
appliances, and small appliances. 
In addition, apprentices are exempt 

from certification requirements pro- 
vided the apprentice is closely and 
continually supervised by a certified 
technician. The EPA has four types of 
certification: 

è servicing small appliances (Type I) 

è servicing or disposing of high- 
pressure or very high-pressure appli- 
ances, except small appliances and 
MVACs (Type II) 

è servicing or disposing of low-pressure 
appliances (Type III) 

è servicing all types of equipment 
(Universal) 

Technicians are required to pass 
an EPA-approved test given by an 
EPA-approved certifying organiza- 
tion to become certified under the 
mandatory program. 
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Disposing of MVACs, MVAC-Iike 
appliances, and small appliances 


Refrigerant Leaks 


Owners of equipment with charges 
greater than 50 lb are required to 
repair leaks in the equipment when 
the total leakage results in the loss of 
more than a certain percentage of the 
equipment’s charge over a year. For 
commercial and industrial process 
refrigeration sectors, leak rates that 
would release 35% or more of the 
refrigerant charge over a year must be 
repaired within 30 days. For all other 
sectors, including comfort cooling, 
leaks must be repaired when the appli- 
ance leaks at a rate that would release 
15% or more of the refrigerant charge 
over a year. See Figure 5-11. 


Refrigerant pressure in a sealed system can 
only be low if there is a leak in the system. 


IANCE LEAK RATE 


Industrial process refrigeration 
All other appliances 


* allowed percentage of refrigerant loss per year 


G 


Commercial refrigeration 


The trigger for repair requirements 
is the leak rate instead of the total 
quantity of refrigerant lost. For exam- 
ple, a commercial refrigeration system 
containing 100 lb of charge must be 
repaired if the leaks in the system lose 
10 lb or more of charge in a month. 


Figure 5-10. Section 608 of 
the Clean Air Act allows work 
that would not be expected to 
release refrigerants into the 
atmosphere to be performed 
on equipment by noncertified 
personnel. 


Figure 5-11. Owners of 
equipment with charges 
greater than 50 lb are re- 
quired to repair leaks in the 
equipment when the total 
leakage results in the loss of 
more than 15% or 35% of 
the equipment’s charge over 
a year. 
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Although 10 Ib represents only 10% 
of the system charge, a leak rate of 
10 lb per month would result in the 
release of 120% of the refrigerant 
charge over a year. The EPA mandates 
that owners of air conditioning and 
refrigeration equipment with more 
than 50 lb of charge must keep records 
of the quantity of refrigerants added 
to equipment during servicing and 
maintenance procedures. 

Owners are normally required to 
repair leaks within 30 days of discov- 
ery. The 30-day requirement may be 
waived if, within 30 days of discovery, 
an owner develops a one-year retrofit 
or retirement plan for the leaking 
equipment. Owners of industrial 
process refrigeration equipment may 
qualify for additional time under 
certain circumstances. For example, 
if an industrial process shutdown is 
required to repair a leak, owners have 
120 days to repair the leak. 


Yellow Jacket Div., Ritchie Engineering Co., Inc. 


Pinpointing a refrigerant leak source is less difficult when using a dye solution 
injected into the system and an ultraviolet lamp that highlights the leaking dye. 


Safe Disposal Requirements 


Under the rules of the EPA, equip- 
ment that is typically dismantled 
on-site before disposal, such as retail 
food freezers, residential central air 
conditioners, chillers, and indus- 
trial process refrigeration systems, 
must have the refrigerant recovered 
for disposal in accordance with the 
requirements of the EPA. However, 
equipment that typically enters the 
waste stream with the charge intact, 
such as motor vehicle air conditioners 
and household refrigerators, freezers, 
and room air conditioners, are subject 
to special safe disposal requirements. 


Care must be taken in salvage yards not to 
vent or spill refrigerants on soil and water. 
Solids removed from refrigerant of scrapped 
air conditioners can be hazardous waste. 


Under the safe disposal require- 
ments, the final person in the disposal 
chain (scrap metal recycler or landfill 
owner) is responsible for ensuring that 
refrigerant is recovered from equip- 
ment before the final disposal of the 
equipment occurs. See Figure 5-12. 
However, technicians “upstream” can 
remove the refrigerant and provide 
documentation of the refrigerant 
removal to the final person if this is 
more cost-effective. 

The equipment used to recover 
refrigerant from appliances prior to 
final disposal must meet the same 
performance standards as equipment 
used for servicing, but is not required 
to be tested by a laboratory. Equip- 
ment that is self-built is allowed as 
long as the equipment meets EPA per- 
formance requirements. For MVACs 
and MVAC-like appliances, the evac- 
uation performance requirement is 
4” (102 mm) of mercury vacuum. 
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For small appliances, the recovery 
equipment performance required is 
90% efficiency when the appliance 
compressor is operational, and 80% 
efficiency when the appliance com- 
pressor is not operational. 

Technician certification is not 
required for individuals removing re- 
frigerant from appliances in the waste 
stream. The safe disposal requirements 
went into effect on July 13, 1993. All 
equipment used must be registered 
with or certified by the EPA. 


Nonhazardous Waste Disposal. 
When refrigerants are recycled or 
reclaimed, the refrigerants are not 
considered hazardous under federal 
law. In addition, used lubricating oils 
contaminated with CFCs are not con- 
sidered hazardous on the following 
conditions: 


e the lubricating oil is not mixed 
with other waste 


e the lubricating oil is subjected to 
CFC recycling or reclamation 


Figure 5-12. Under the safe 
disposal requirements for 
refrigerants, the final person 
in the disposal chain (scrap 
metal recycler or landfill 
owner) is responsible for 
ensuring that refrigerant is 
recovered from equipment 
before the final disposal of 
the equipment occurs. 
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e the refrigerant is not mixed with 
used lubricating oils from other 
sources 
Used lubricating oils that contain 

CFCs after the CFC reclamation proce- 

dure are subject to specification limits for 

fuel oils if the lubricating oils are destined 

to be burned. See Figure 5-13. 


Figure 5-13. When refrigerants or lubricating 
oils are recycled or reclaimed, the refrigerants 
or oils are not considered hazardous under 
federal law. 


Refrigerant Sales Restrictions 


Under EPA regulations, only certified 
technicians are allowed to purchase 
CFC or HCFC refrigerants. The sales 
restriction includes blends that have 
one or more components of the blend 
as either a CFC or HCFC. Technicians 
who have completed an EPA-approved 
certification program under either 
Section 608 or Section 609 are issued 
a certification card and are eligible 
to purchase refrigerants containing 
CFCs or HCFCs. Under Section 609 
of the Clean Air Act, sales of CFC-12 
refrigerants in containers smaller than 
20 Ib are restricted solely to technicians 
certified under the motor vehicle air 
conditioning regulations of the EPA. 
Persons servicing appliances under Sec- 
tion 608 of the Clean Air Act may still 
buy containers of CFC-12 refrigerant 
larger than 20 lb. See Figure 5-14. 


145 Ib 
CONTAINER 


1750 Ib 
CONTAINER 


30 Ib 
CONTAINER 


20 Ib 
CONTAINER 


15 Ib 
CONTAINER DuPont Company 
ER TL | 


Figure 5-14. Effective November 14, 1994, 
the sale of refrigerants in any size container is 
restricted to technicians certified under Section 
608, Technician Certification or under Section 
609, Motor Vehicle Air Conditioning regulations. 
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Effective November 14, 1994, the 
sale of refrigerants in any size contain- 
er is restricted to technicians certified 
under Section 608, Technician Certi- 
fication, or under Section 609, Motor 
Vehicle Air Conditioning regulations. 
The sales restriction covers refriger- 
ants contained in bulk containers 
such as cylinders or drums, as well as 
precharged units. 

The sales restriction excludes refrig- 
erants contained in sealed systems with 
fully assembled refrigerant circuits 
such as household refrigerators, win- 
dow air conditioners, and packaged 
air conditioners. The sales restriction 
also excludes pure HFC refrigerants, 
and CFC or HCFC substances that are 
not intended for use as refrigerants. 
In addition, a restriction on the sale 
of precharged split systems has been 
stayed (suspended) while the EPA 
considers the implications. 


Recordkeeping. Section 608 of the 
Clean Air Act requires that all persons 
who sell CFC and HCFC refrigerants 
retain invoices that indicate the name 
of the pyrchaser, the date of the sale, 
and the quantity of the refrigerant 
purchased. The records kept by sellers 
must be maintained for a minimum 
of three years. 

Wholesalers who sell refrigerants 
to companies that employ certified 
technicians must keep proof of buyer 
certifications (copies of certification 
cards) and a list of authorized person- 
nel or job titles/classifications who 
may purchase refrigerants to be used 
by the certified technician employed 
at the same company. See Figure 5-15. 


The sale of CFC, HCFC, and blended 
refrigerants is strictly regulated by the EPA. 
HFC refrigerants such as HFC-1 34a are not 
currently subject to the same EPA rules. All 
records related to the sale of refrigerants must 
be kept for three years. 
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Figure 5-15. Wholesalers 
who sell refrigerants to com- 
panies must keep proof of the 
certification of the refrigerant 
buyers. 


EPA RULES FOR SELLING REFRIGERANTS TO 
TECHNICIANS 


Selling n Large Cylinder (30 pounds) to a Refrigerant 
j a “ an 


1. The seller must either see a 608 or 609 technician certification card. If the 

purchaser is uncertified but is purchasing for a shop or other facility, the seller 
must see evidence that at least one tech at that shop is certified (for example, 
a letter from the shop stating that Joe Tech is certified plus a copy of Joe Tech's 
card]. The seller must keep this information on file. The purchasing facility must 
notify seller when Joe Tech is no longer employed. 


2. The seller must get an invoice listing name of purchaser, date of sale, and 


quantity of refrigerant purchased. 


Selling a Small Can to u Refrigerant Installer 
1. The seller must see the technician's 609 certification card. Small cans may 
only be sold to a 609 technician. Technicians having 608 certification may 
not purchase small cans of ozone-depleting refrigerants. 


2. The seller must get an invoice listing name of purchaser, date of sale, and 


quantity of refrigerant purchased. 


Environmental Protection Agency 
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EPA RULES FOR SELLING REFRIGERANTS TO 
WHOLESALERS 


Selling u Large Cylinder (30 Ibs) to a Refrigerant 
Wholesaler 


Recommended: The seller does not need to see a 608 or 609 card. However, 
it is a good idea to get a written statement certifying that the jugs will be 
resold, and stating name and business address of purchaser. Why? Because 
wholesalers are legally responsible for ensuring that people who purchase 
refrigerant from them are allowed under the Clean Air Act to purchase that 
refrigerant. 


Required: The seller must get an invoice listing name of purchaser, date of 
sale, and quantity of refrigerant purchased. 


Selling a Small Can to a Refrigerant Wholesaler 


Recommended: The seller must see either a 608 or 609 technician certification 
card; if the purchaser is uncertified but is purchasing for a shop or other facility, 
the seller must see evidence that at least one tech at that shop is certified (for 
example, a letter from the shop stating that Joe Tech is certified plus a copy of 
Joe Tech's card). The seller must keep this information on file. The purchasing 
facility must notify seller when Joe Tech is no longer employed. 


Required: The seller must get an invoice listing name of purchaser, date of 
sale, and quantity of refrigerant purchased. 


Environmental Protection Agency 


The requirements are for all refrig- 
erant sales affected by Section 608. 
However, since the sale of small con- 
tainers of CFC-12 refrigerants is re- 
stricted to technicians certified under 
Section 609, the recordkeeping require- 
ments of Section 608 do not apply to 
small containers. While records must 
be maintained for the sale of all CFC 
and HCFC refrigerants in any size 
container, and for the sale of CFC-12 
in containers 20 lb or larger, it is not 
necessary to maintain records for the 
sale of CFC-12 in small containers. 


Major Recordkeeping 
Requirements 
In addition to the regulations required 
above, the EPA has established major re- 
cordkeeping requirements to help with 
the enforcement of the Clean Air Act. 
e Technicians servicing appliances 
that contain 50 Ib or more of re- 
frigerant must provide the owner of 


the appliance with an invoice that 
indicates the amount of refrigerant 
added to the appliance. Technicians 
must also keep a copy of their 
proof of certification at their place 
of business. 

e Owners of appliances that contain 
50 lb or more of refrigerant must 
keep service records documenting 
the date and type of service, as well 
as the quantity of refrigerant used. 
See Figure 5-16. 

e Wholesalers who sell CFC and 
HCFC refrigerants must retain in- 
voices that indicate the name of the 


purchaser, the date of sale, and the 
quantity of refrigerant purchased. 

e Reclaimers must maintain records 
of the names and addresses of 
persons sending refrigerants and 
substances for reclamation and the 
quantity of material sent. 


Tite VI violations of the CAA have been 
upgraded from misdemeanors to felonies, 
consistent with other environmental statutes. 


Enforcement 


The EPA performs random inspec- 
tions, responds to tips, and pursues 
potential cases against violators of 
Title VI of the Clean Air Act. A tech- 
nician may be required to appear in 
federal court by the EPA. Under the 
Clean Air Act, the EPA is authorized 
to assess fines of up to $32,000 per 
day per violation. There are also 
awards, of up to $10,000, for persons 
furnishing information that leads to 
the conviction of a person violating 
any provision of the Clean Air Act. 
Once a technician is certified under 
Section 608, the EPA under certain cir- 
cumstances can take the certification 
of a technician away. 
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Figure 5-16. Owners of appliances that contain 50 lb or more of refrigerant must keep service 
records documenting the date and type of service, as well as the quantity of refrigerant used. 


MVAC-LIKE APPLIANCES 


Some of,the air conditioners that are 
covered by Section 608 rules are iden- 
tical to air conditioners covered by 
Section 609 MVAC rules. Some refrig- 
erants are not covered by Section 609 
MVAC refrigerant recycling rules (40 
CFR Part 82, Subpart B) because the 
refrigerants used are in vehicles that 
are not defined as “motor vehicles.” 
The air conditioning systems used in 
MVAC-like appliances include those 
in construction equipment, farm ve- 
hicles, boats, and airplanes. Similar to 
MVACs in cars and trucks, MVAC-like 
air conditioners typically contain 2 
or 3 lb of CFC-12 refrigerant and use 
open-drive compressors to cool the 
operator compartments. See Figure 
5-17. The EPA defines these air con- 
ditioners as “MVAC-like appliances” 
and applies the MVAC code require- 
ments for the certification and use 
of recycling and recovery equipment. 


Technicians servicing MVAC-like 
appliances must “properly use” 
recycling or recovery equipment 
that has been certified to meet the 
standards in Appendix A of 40 CFR 
Part 82, Subpart B. In addition, the 
EPA allows technicians who service 
MVAC-like appliances to be certified 
by a certification program approved 
under the Section 609 MVAC rule. 
Vehicle air conditioners utilizing 
HCFC-22 are not included in this 
group and are therefore subject 
to the requirements outlined for 
HCFC-22 equipment. 


Technicians servicing MVAC-like appliances 
(608) have the option of becoming certified 
as Type Il technicians instead of becoming 
certified as MVAC technicians under subpart 
B. Technicians servicing MVACs (609) do 
not have this choice. 
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Violations of the Clean Air 

Act: 

e Falsifying or failing to 
keep required records 

o Failing to reach required 
evacuation levels before 
opening or disposing 
of appliances 

* Knowingly releasing CFC 
or HCFC refrigerants 
while preparing 

appliances 
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Observing the refrigerant recycling 
regulations of Section 608 is essential 
to conserving existing stocks of re- 
frigerants, as well as complying with 
the Clean Air Act. However, owners of 
equipment that contain CFC refriger- 
ants must look beyond the immediate 
need of maintaining existing equip- 
ment in working order. Owners are 
advised to plan for the replacement of 
existing equipment with equipment 
that uses alternative refrigerants. One 


Figure 5-17. The air con- 
ditioning systems used in 
MVAC-like appliances include 
construction equipment that 
typically has air conditioners 
that contain 2 or 3 lb of CFC- 
12 refrigerant and use open- 
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drive compressors to cool the LOADER possible refrigerant alternative are the 
operator compartment. ees ë hydrocarbon based refrigerants. 
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Why was the Montreal Protocol signed? 


How did ANPRM 55 FR 18256 and the London Amendments affect the Montreal Protocol? 


How did the Copenhagen Revisions affect CFC and HCFC refrigerant production? 


How did the U.S. promote recycling of ozone-depleting substances? 
What does Section 608 of the Clean Air Act (CAA) require? 
What are the four types of releases permitted under venting prohibition? 


Why is the date November 15, 1993 significant for evacuation of air conditioning systems? 


Why do exceptions to the evacuation requirements exist? 
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How is the term “technician” used by the EPA? 
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. How are apprentices exempt from certification requirements? 


= 
= 


. How do leakage rates for systems with 50 lb or more of refrigerant charge determine if repairs are required? 
12. How is air conditioning and refrigerant equipment properly placed in the waste stream? 
13. How do refrigerant sales restrictions work? 


14. What types of records of refrigerants are kept? 
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Digital Resources 
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REVIEW QUESTIONS 


Name Date 


1. The modified Montreal Protocol phased out CFC refrigerant production in. 
A. 1987 
B. 1990 
C. 1996 
D. 2003 


2. The Montreal Protocol is implemented in the U.S. by ___. 
A. Title VI of the CAA ` 
B. the EPA 
C. the Copenhagen revisions 
D. OSHA 


3. The CAA, stratospheric ozone protection section, includes requirements for ___ substances. 
A. all refrigerant 
B. lubricating oil 
C. inert 
D. ozone-depleting » 
4. Title VI of the CAA intends to ___ of ozone-depleting substances. 
A. imize the recycli 
B. extend the phaseout schedule 
C. increase emissions 
D. shorten the life expectancy 
5. As of July 1, 1992, Section 608 of the CAA prohibits individuals from ___ CFC and HCFC 
ozone-depleting substances. 
A. reclaiming 
B. venting 
C. using 
D. selling 


6. ___ are a type of refrigerant release permitted under the prohibition on venting. 
A. Refrigerants that nitrogen has been added to 
B. De minimis quantities of refrigerant released during good faith attempts 
C. Releases from long hoses 


D. All leaks with leak rates below 35% per year 


7. The lowest pressure a leaky system can be evacuated to is ____ psi. 
A. 0 
Baro 
C. 10 
D. 25 
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8. Recycled refrigerant can be used by ___ 
A. certified technicians without restriction 
B. certified technicians in some states 
C. 
D. the same owner, but in another state 
9. Owners of comfort cooling equipment with 50 Ib or more of refrigerant charge must repair leaks 
that have leak rates greater than % per year. 
A. 15 
B. 25 
cmas 


D. any 


10. Air conditioning and refrigeration equipment owners are required to repair leaks that require the 
system to be shut down, within ____ days. 


A. 2 
B. 14 
C. 30 
Det 20. 3 
11. Under the safe disposal requirements of the CAA, the final person in the disposal chain is respon- 
sible for___ refrigerant before the final disposal of equipment occurs. 
A. recycling 
B. recovering 
C. reclaiming 
D. destroying 
12. Technicians certified under Section 608 of the CAA cannot purchase refrigerants in containers smaller 
than ___lb. 
A. 5 
C. 30 
D. 145 


13. The recordkeeping requirements of Section 608, concerning the selling of refrigerants, do not 
apply to. 
A. reclaimed refrigerants 
B. Halons™ 


C. small cans of CFC-12 _ 


D. drums of any refrigerant 


14. Under the CAA, the EPA is authorized to assess fines of up to $___ per day per violation. 
A. 1200 
B. 5000 


C. 10,000 a TOSA 
D. 27,500 


15. MVAC-like air conditioners typically have __ Ib of refrigerant charge. 


B. 5 
C. 15 
D. 50 or more 


Recovery, recyclitig, and re- 
claiming are service activities 
- that technicians perform. Each 
of these activities require 
specific procedures and docu- 
mentation to comply with EPA 
regulations. Refrigerant recov- 
ery and recycling equipment 
must be tested as specified by 
the EPA certification program. 


F 
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The terms “recovery,” “recycling,” 
and “retlaiming” refer to activities 
that technicians perform with re- 
frigerants of air ae and 


Il (HCE Cs) iaraa. | 
also requires refrigerants properly 
contained to aere 
Class II substances (refrigerants) can 
be reused. When addressing consum- 
er questions regarding additional ser- 
vice expenses due to recovery efforts, 
technicians must explain that the 
recovery of refrigerants is required 
by law to protect human health and 
the environment. The duty of all air 
conditioning and refrigeration tech- 
nicians is to follow the law and pro- 
tect the environment from the release 
of refrigerants to the atmosphere. See 
Figure 6-1. 


Recovery, Recycling, 
and Reclaiming 


All devices (pumps, gauges, valves, recovery 
cylinders, hoses, and scales) used for refriger- 
ant recovery must meet EPA standards. 


> fecnnical Fact, 


SPX Robinair 
Recovery machines come in many manufactured designs, and many other designs 
that are certified one-of-a-kind recovery machines. 


Technician Certification for Refrigerants 


Figure 6-1. Refrigerant 
recovery procedures per- 
formed by the technician 
and equipment must comply 
with EPA regulations. 


System-dependent [pas- 
sive method) refrigerant 
recovery captures refrig- 
erant with the assistance 
of components in the re- 
frigeration system. 
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RECOVERY 
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CFC substances have not been man- 
ufactured since 1995. After 1995, 
supplies of CFC refrigerants for equip- 
ment servicing have come from re- 
covery and recycling efforts. As time 
passes, CFC refrigerants will become 
harder to obtain. As CFC refrigerants 
become less available, CFC refriger- 
ants will become too expensive to use. 


Refrigerant recovery is the removal of 
refrigerant in any condition from a 
system without testing or process- 
ing the refrigerant and storing the 
refrigerant in an external container. 
The recovery of refrigerants is neces- 
sary to ensure adequate supplies of 
refrigerants for present and future 
service use after production bans are 
in effect. Recovering refrigerants also 
prevents the venting of refrigerants 


to the atmosphere and ozone de- 
pletion. See Figure 6-2. Refrigerant 
must be recovered during the service 
of a refrigeration system containing 
Class I or Class II refrigerants. Recov- 
ery can be achieved by using passive 
or active methods. 


Passive Recovery. Passive recovery is a 
refrigerant recovery process achieved 
with the assistance of system compo- 
nents to remove the refrigerant from 
the system (pump-down). The passive 
recovery method can only be used 
with appliances designed to use 15 Ib 
or less of refrigerant. 


Recovery equipment must be checked for leaks 
every six months by a method approved by the 
Executive Officer designee of the EPA. leaks 
shall be repaired within two working days after 
the leak is first detected, unless the equipment 
does not leak due to discontinued use. 
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RECOVERY UNIT 


k 


GAUGE SET 


REFRIGERANT HOSES 


EXTERNAL 
CONTAINER 


Refrigerant must be recov- 
ered during the service 
of a refrigeration system 
containing a CFC or HFC 
(R-12 or R-22) refrigerant. 
All CFC or HCFC {R-1 2, 
R-22, and R-502) refrig- 
erants must be recovered 
before disposing of an 
appliance. 


IEC FACT 


Figure 6-2. Refrigerant re- 
covery is the removal of 
refrigerant from a system 


AIR CONDITIONING ATOFINA Chemical Co. without testing or processing 


(REMOVING) scm REFRIGERANT HOSES the refrigerant in any way and 
ECOVERY METH storing the refrigerant in an 


3 (STORING) 


Active Recovery. Active recovery is a 
refrigerant recovery process using a 
self-contained recovery unit (machine). 
The active recovery method is the most 
popular method. The recovery unit 
removes the refrigerant with no assis- 
tance from system components. 


m Je 
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Refrigerant recycling is the removal 
of refrigerant from a system and 
the cleaning of the refrigerant for 
reuse. Recycled refrigerant is refrig- 
erant that has been processed using 
oil separators and single- or mul- 
tiple-pass filter-dryers to separate 
moisture, acidity, and particulate 
matter from the refrigerant. See 


Figure 6-3. i 


er 


external container. 


it. Scope of Statutory and Proposed Regulatory Requirements 
Overview of Proposed Requirements 


K HFCs and PFCs 

EPA is proposing to extend the regulatory framework for CFCs and HCFCs to HFCs 
and PFCs, making appropriate adjustments for the varying physical properties and 
environmental impacts of these refrigerants. Thus, appliances containing HFC or PFC 
refrigerants would have to be evacuated to established levels; recycling and recovery 
equipment used with HFCs or PFCs would have to be certified [although existing recovery 
equipment that met certain minimum standards would be grandfathered]; technicians 
who work with HFCs or PFCs would have to be certified {although technicians who 
have been certified to work with CFCs and HCFCs would be grandfathered); sales of 
HFC and PFC refrigerants would be restricted to certified technicians; used HFC and 
PFC refrigerants sold to a new owner would have to be tested to verify that they meet 
industry purity standards; refrigerant reclaimers who purify HFCs or PFCs would have to 
be certified; owners of HFC and PFC appliances above a certain size would have to 
repair leaks above a certain size; final disposers of small appliances and motor vehicle 
air conditioners (MVACs} containing HFCs or PFCs would have to ensure that refrigerant 
was recovered from this equipment before it was disposed of; and manufacturers of 
HFC and PFC appliances would have to provide a servicing aperture or a “process 
stub” on their equipment in order to facilitate recovery of the refrigerant. 


Environmental Protection Agency 


Technician Certification for Refrigerants 


Figure 6-3. Refrigerant recy- 
cling is the removal of refrig- 
erant from a system and the 
cleaning of the refrigerant for 
reuse in the process. 


When recycled refriger- 
ant has been added to a 
system, a sample of the 
lubricating oil should be 
taken for analysis. 


` Recycled refrigerant is cleaned using oil _ 
° separators and filter-dryers to separate ` 
moisture, acidity, and particulate matter 
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Recycling machines are required for 
retrieving refrigerant from air conditioning 
or refrigeration equipment prior to 
disposal 


Recovery and Recycling Equipment. 
Recovery and recycling equipment is 
purchased for use in the field. Recov- 
ery and recycling machines are required 
when servicing or disposing of air condi- 
tioning or refrigeration equipment. 


Reclaiming 

Refrigerant reclaiming is the reprocess- 
ing of used refrigerant to meet new 
refrigerant standards and includes 
chemical analysis to verify purity. 
In some cases, refrigerant removed 
from a system cannot be reused or 
recycled. Reclaiming is necessary if a 
refrigerant is heavily contaminated, if 
the quality is unknown, or if recycling 
equipment is unavailable. See Figure 
6-4. Reclaimed refrigerant must be 
processed to the purity specifications 
in Standard 700-1993 of the Air Con- 
ditioning and Refrigeration Institute 
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Recycled refrigerant is not required to be 
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(ARI). Purity must be verified using 
laboratory analysis. No more than 
1.5% of the refrigerant may be re- 
leased to the atmosphere during the 
reclaiming process. Reclamation of a 
refrigerant involves procedures that 
are only available using refrigerant re- 
processing equipment or at a refriger- 
ant manufacturing facility. To reclaim 
refrigerant, the refrigerant must be 
sent to an EPA-certified reclamation 
facility or reclaimed by using certified 
reclamation equipment. 


The purpose of ARI Standard 700 is to set 
purity specifications for reclaimed refriger- 
ants. The number of refrigerants specified 
has increased: in 1988, nine refrigerants 
were in use; in 1993, 20; in 1995, 36; in 
1999, 43; and in 2003, approximately 60 
refrigerants were in use. 
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EQUIPMENT REMOVES 
ALL OIL, MOISTURE, 
ACID, AIR, AND 
PARTICULATES FROM 
REFRIGERANT 


Figure 6-4. Refrigerant reclaiming is the re- 
processing cf used refrigerant to meet new 
refrigerant standards and includes chemical 
analysis to verify purity. 


Refrigerants that are seriously con- 
taminated cannot be reclaimed. Re- 
frigerants with serious contaminants, 
such as acid contaminants created 
from burnouts, are the most difficult 
for a reclaiming facility to handle suc- 
cessfully. ete se a 
ee o mix differe 
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cannot be ae must be destroyed. 
Refrigerants should never be mixed. 


Section |, Purpose 
1.1 Purpose. The purpose of this standard is to establish purity specifications and 
£ specify the associated methods of testing for acceptability of fluorocarbon refrigerants 
$ regardless of source (new, reclaimed, and/or repackaged) for use in new and existing 
_ refrigeration and air conditioning products within the scope of ARI. 
1.1.1 Intent. This standard is intended for the guidance of the industry including 
manufacturers, refrigerant reclaimers, repackagers, distributors, installers, serviceman, 
_ contractors, and users. 
Section 2. Scope... . 
Section 3. Definitions. . . . ; 
* Section 4. Characterization of Refrigerants and Contaminants 
4. ] Characterization. Characterization of refrigerants and contaminants addressed are 
listed in the following general classifications: 
4.1.1 Identification. 
a. Gas chromatography 
b. Boiling point and boiling point range 
al 4, 1.2 Contaminants. tr. 


a. Water e. Particulates/solids 
.. b. Chloride f, Non-condensables 
c. Acidity _ g. Volatile impurities/refrigerants 


-= d. High boiling residue : 
© Section 5. Sampling and Same? of Test Procedures. . . . 


Eoo 6. Reporting Procedures. . 
` Section 7. Voluntary Conformance. . 
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Reclaimer Certification 


Reclaimers must certify to the Recycling 
Program Manager of the EPA that 
procedures and reclaiming equipment 
being used comply with the applicable 
requirements of ARI Standard 700. The 
certification of the reclaimer must be 
signed by the owner of the equipment 
or other responsible officer and sent 
to the appropriate EPA regional office. 
Refrigerant reclaimers are required to 
return refrigerants to the purity level 
specified and to verify the purity of the 
refrigerants using laboratory protocols. 5 
In addition, reclaimers must properly 
dispose of all wastes from the reclama- 
tion process. 


The EPA standard 40 CFR Part 82, Pro- 
tection of Stratospheric Ozone, provides 
information on refrigerants that are trans- 
ferred between appliances with different 
ownership. This information is also found in 


the ARI standard 740. 
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Opening Liquid-Line or 
Suction-Line Service Valves. Procedure 


Accessing Service Port Schrader Valves Procedure 


1. Remove service port cap with adjustable wrench. 


1. Gain access to service valve. 


LOWER PANEL VAPOR LINE 
REMOVED 


VAPOR-LINE 


SERVICE 
PORT CAP 


LIQUID-LINE LIQUID LINE 
SERVICE PORT 
CAP 


2.Remove stem cap with adjustable 
wrench. 


LIQUID-LINE 
SERVICE 
PORT 


SERVICE PORT CAP 


2. Connect gauge to service port. 


PRESSURE 
GAUGE 


HEXAGON- 
SHAPED SLOT 


STEM CAP 
REMOVED 


3. Use service wrench with hex-head 
extension to back stem out counter- 
clockwise as far as it will go. 

CONNECTION oe 

HOSE SHAPED 

EXTENSION 


3. When testing is complete, replace service port cap. Tighten finger- 
tight and then tighten an additional % turn. 


SERVICE 
WRENCH 


Reclamation Requirements 


The EPA has established that recov- 
ered and/or recycled refrigerant can 


be returned to the same system or | 4, Replace stem cap. Tighten finger- 
other systems owned by the same per- tight and then tighten an additional 
son without restriction. If refrigerant % turn. 


changes ownership, the refrigerant 
must be reclaimed unless the refriger- 
ant was used only in a motor vehicle 
air conditioner (MVAC) or MVAC like 
appliance and will be used in the same 
type of appliance again. 


STEM CAP 
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Closing Liquid-Line. or Suction-Line Service Valves Procedure 


1. Remove service port cap with adjust- 
able wrench. 


HEXAGON- 
SHAPED SLOT 


SERVICE PORT 


Within 20 days of commencing business 
and by January 15 of each year, appliance 
recyclers must certify to the EPA that certified 
technicians are operating proper refrigerant 
recovery equipment. A machine certification 
form is filled out and sent to the EPA regional 
office in Chicago by certified mail. 


REFRIGERANT HANDLING 
OPTIONS 


The options a technician has when 
working with refrigerants are to re- 
cover refrigerant, recycle refrigerant, 
reclaim refrigerant, or have the refrig- 
erant destroyed. The condition of the 
refrigerant determines the best option. 
If the refrigerant is in satisfactory con- 
dition, the technician can recover the 
refrigerant. If the refrigerant is in an 
unsatisfactory condition, reclamation 
may be required. See Figure 6-5. 


2.Use service wrench with hex-head 
extension to turn stem clockwise to 


HEXAGON- 


SHAPED f 
EXTENSION 


SERVICE 
WRENCH 


3. Replace stem cap. Tighten fingertight 
and then tighten an additional 
_ Yeturn. 


REPLACE 
STEM CAP 


Evacuation Levels 


Each type of system (small appliance, 
high-pressure, and low-pressure) has 
evacuation level (vacuum) require- 
ments. When using recovery and 
recycling equipment the percentage 
of refrigerant that can be removed 
from a system is directly related to the 
amount of vacuum that the recovery 
or recycling equipment can achieve. 


EFRIGERANT PROCES: 


Activity — Use 
Recover Method to use when refrigerant is 
in excellent condition 
Recycle Method to use when refrigerant is 
in good condition 


Method to use when refrigerant is 
in poor condition 
Method to use when refrigerant is 
beyond reclaiming 


O e n -i 
Figure 6-5. The options a technician has when 
working with refrigerants are to recover, recycle, 


reclaim, or destroy the refrigerant. 


Refrigerant recovery during 
low ambient temperatures 
will slow the recovery pro- 
cess. Long hoses between 
the refrigeration unit and 
the recovery machine must 
be avoided as they result in 
the following: 

e Excessive pressure drops 
° Increase recovery time 
e Increase emissions [when 
refrigerant escapes) 


> echnical fact 


Low-Loss Fittings 

Low-loss fittings are special fittings 
that prevent the release of refrigerant 
from a system to the atmosphere and 
prevent air from entering the system. 
See Figure 6-6. Low-loss fittings 
automatically trap refrigerant in a 
hose when disconnected and are re- 
quired on all recovery, recycling, and 
reclaiming equipment. 


COMMON FITTING SHAPES 


FITTINGS WITH VALVES 
Yellow Jacket Div., Ritchie Engineering Co., Inc. 


Figure 6-6. Low-loss fittings are intended to pre- 
vent the release of refrigerant from a system to 
the atmosphere and to prevent air from entering 
a system. 


EQUIPMENT CERTIFICATION 


The EPA has established a certifica- 
tion program for recovery and recy- 
cling equipment. Under the program, 
the EPA requires that recovery and re- 
cycling equipment manufactured on 
or after November 15, 1993, be tested 
by an EPA-approved testing organi- 
zation to ensure that the equipment 
meets EPA requirements. Recovery 
and recycling equipment intended for 
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use with air conditioning and refriger- 
ation equipment must be tested under 
the ARI 740-1993 test protocol. Recov- 
ery equipment intended for use with 
small appliances must be tested under 
the ARI 740-1993 final rule protocol. 
The EPA requires recovery efficien- 
cy standards that vary depending on 
the size and type of air conditioning 
or refrigeration system being serviced. 
The recovery and recycling equipment 
intended for use with air conditioning 
and refrigeration systems must be able 
to recover a specific percentage of 
refrigerant or create a specific level of 
vacuum on the system. For example, 
the recovery equipment intended for 
use with small appliances must be able 
to recover 80% or 90% of the system 
refrigerant depending on if the com- 
pressor is operating. See Figure 6-7. 


Technician uses recovery | Technician uses recovery 


or recycling equipment or recycling equipment 


manufactured before manufactured on or after 
November 15, 1993 November 15, 1993 


Compressor of the Compressor of the 
appliance is not operating | appliance is operating 
Ene 

Figure 6-7. The recovery equipment intended 
for use with small appliances must be able to 


recover 80% or 90% of the refrigerant. 


The EPA has approved the ARI and 
Underwriters Laboratories (UL) to cer- 
tify recycling and recovery equipment. 
Certified equipment is identified by a 
label signifying compliance with ARI 
Standard 70. See Figure 6-8. 


Technicians operating recovery or recycling 
equipment must wear safety glasses and 
protective gloves, and follow all equipment 
safety precautions. 
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2o y RIM i N 
4 ky ZATION E NO 
~/ STANDARD. 


Air Conditioning and Refrigeration Institute 
MM 


Figure 6-8. Certified equipment is identified 
by a label signifying compliance with ARI 
Standard 740. 


Certification of Owners of 
Recycling and Recovery 
Equipment 

The EPA requires that persons servic- 
ing or disposing of air conditioning 
and refrigeration equipment certify 
to the appropriate EPA regional of- 
fice thaf recovery and/or recycling 
equipment has been acquired (built, 
bought, or leased) and that the equip- 
ment complies with the applicable 
requirements of Section 608. Recovery 
and recycling equipment certification 
is typically performed by a third party 
recognized by the EPA. 


Equipment Grandfathering 


Equipment manufactured before No- 
vember 15, 1993, including homemade 
equipment, may be grandfathered if 
the equipment meets the standards 
in the evacuation requirement tables. 
Third-party testing is not required for 
equipment manufactured before No- 
vember 15, 1993, but equipment manu- 
factured on or after November 15, 1993, 
including homemade equipment, 
must be tested by an EPA recognized 
third party. 


USE OF CFC AND HCFC RECOVERY 
EQUIPMENT WITH HFC AND PFC 
REFRIGERANTS 


All recovery equipment now manufac- 
tured must have an EPA approval label 
or stamp on the body of the equip- 
ment. Manufacturers of recycling and 
recovery equipment have stated that 
most recovery and recycling equip- 
ment designed for use with multiple 
CFC or HCFC refrigerants (R-12, R-22, 
R-500, and R-502) can be adapted for 
use with HFC and PFC refrigerants with 
similar saturation pressures. 

The EPA plans to allow technicians 
to recover HFC and PFC materials 
using recovery or recycling equipment 
designed for use with at least two CFC 
or HCFC refrigerants of similar satura- 
tion pressures. The recovery equipment 
would have to meet specific standards 
and if the recovery equipment was 
manufactured on or after November 15, 
1993, the equipment would have to be 
certified by an EPA-approved third-par- 
ty certification program (ARI or UL) 
for at least two refrigerants with satura- 
tion pressures similar to the saturation 
pressure of the refrigerant(s) with which 
the equipment is to be used. 

In some cases, manufacturers rec- 
ommend changing the lubricant in 
recovery or recycling equipment from 
mineral oil to a polyol ester lubricant 
(POE). In other cases, no lubricant 
change is necessary. Individuals who 
intend to use existing CFC or HCFC 
recovery equipment with HFC re- 
frigerants must contact the recovery 
equipment manufacturer to determine 
what changes must be made to the 
equipment. 


Upon completion of a refrigeration liquid 
transfer between the refrigeration system to 
the recovery unit, a technician should avoid 
trapping liquid refrigerant between the ser 
vice valves. 


© Technical Fact 


All refrigerant recovery 
equipment manufactured 
today require an EPA ap- 
proved certification label. 
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Manchester Tank & Equipment Co. 
Refrigerant containers (cylinders) come in a variety of sizes. Typically, manufacturers 
have 15 Ib, 20 lb, 30 Ib, 100 Ib, 125 lb, 250 Ib, 500 Ib, and 1000 lb refrigerant 


containers available. 


Refrigerant containers are disposable 
or reusable. A disposable container 
(cylinder) is a container used only 
with new refrigerants. Disposable 
containers are designed for refrigerant 
extraction and are not used to receive 
refrigerants. Disposable containers 
such as DOT 39 are not to be reused 
under any circumstances. 

After use, disposable containers 
must be disposed of properly. Before 
disposing a disposable cylinder, the 
internal pressure of the cylinder must 
be reduced to 0 psi. All refrigerant 
must be recovered and the empty dis- 
posable container is then scrapped as 
metal. Disposable refrigerant contain- 
ers are color-coded according to the 
type of refrigerant in the container. 
See Figure 6-9. 


CONTAINER COLOR CODING 


Refrigerant Chemical - Container | 
Number | Composition | _— eS 


- HFC 
HFC 


[rcs | we [Mei ov 


Figure 6-9. Refrigerant containers are color- 
coded according to the type of refrigerant. 


| Risa | me 


A reusable container (cylinder) is a gray 
container with a yellow top designed to 
receive refrigerant and have refrigerant 
extracted. For example, storage cylinders 
can have the internal pressure of the cyl- 
inders rise in heated areas and cause an 
explosion. Refrigerant storage cylinders 
can be filled to a maximum of 80% 
capacıty. To ensure 80% capacity when 
transferring refrigerant to an empty 
or pressurized cylinder, the safe filling 
level is controlled by a mechanical float 
device, by weighing the cylinder using a 
scale, or electronic shutoff devices. See 
Figure 6-10. A refrigerant label is placed 
on cylinders and containers to identify 
the type of refrigerant in the container 
and the gross weight of the container. 
When transporting cylinders contain- 
ing used refrigerant, the Department 
of Transportation (DOT) requires that 
DOT classification tags be attached 
to the containers. See Figure 6-11. 
When shipping refrigerant cylinders, 
the cylinders must always be in an 
upright position. When recovering 
refrigerant, it is important not to mix 
different refrigerants in the same con- 
tainer because the mixture is typically 
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impossible to reclaim. Only one type 
of refrigerant can be recovered into 
any one storage cylinder. Reusable 
containers for refrigerants that are un- 
der high pressure (above 15 psi) and at 
normal ambient temperature must be 
hydrostatically tested and date-stamped 
every five years. 


Refrigerant recovery containers are the only 
containers designated as “refillable” by the 
Department of Transportation (DOT) and that 
can be used for refrigerant recovery. Refillable 
containers must be hydrostatically tested and 
date stamped every five years. 


| REUSABLE CONTAINER FILL LEVEL = tS 
CONNECTION . 
MECHANICAL VALVES NE ee een GVUNDER 


FLOAT 


— ® 


£ 


Figure 6-10. To ensure 80% 
sopacity when transferring 
retrigerant to an empty or 
pressurized cylinder, the safe 


E filling level is controlled by a 
GRAY SCALE 


mechanical float device, by 
YELLOW DIGITAL READOUT Yellow Jacket Div., Ritchie Engineering Co., Inc. weighing the cylinder usin 
MECHANICAL FLOAT SCALE a scale, or electronic shuto 


devices. 


USED REFRIGERANT IDENTIFICATION TAG | 
RECOVERY l 
CONTAINER #: —__, DATE: 


DISTRIBUTOR: OEM: 


Print Company Nema 


POSSIBLE CONTAMINANTS: 
‘| (What wae being cooled? Ex.: water, air, or specity other) 


= USED R-12 


PLEASE LEAVE TAG ATTACHED 
(EMPTY OR FULL) 


Refrigerant Gas COF: 


i (Contains Dichiorofiouromethan®) 
Gas No 75-71-8 
Do not overfill 


USED REFRIGERANT CONTAINER NECK LABEL 


This placecard must be installed on cylinder transporting refrigerant. f 


ASE E 


Figure 6-11. When transporting cylinders containing used refrigerant, the Department of Transportation (DOT) requires that DOT 


classification tags be attached to containers. 
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scussion Questions 


1. Why is the cost of service work on air conditioning and refrigeration systems increasing? 
Why are CFC refrigerants becoming too expensive to use? 


Why are refrigerants recovered? 


2 
3: 
4. What are the two types of refrigerant recovery methods used to recover refrigerant? 
5. How are refrigerants recycled? 

6. Why are refrigerants reclaimed? 

7. How are refrigerant reclaiming companies certified? 

8. How does a low-loss fitting function when recovering refrigerants? 

9. What do the EPA established efficiency standards require? 

10. How can refrigerant recovery equipment be grandfathered? 

11. How are refrigerant containers properly disposed? 


12. What is the difference between a disposable container and a reusable container? 


13. How must refrigerant containers be labeled for transport according to the Department of Transportation? 


D j Reso ATPERE Sre COn CHUIERTINES _ 
oS ee Access Code: 827160 


wor ieee 


Recovery, Recycling, and Reclaiming 


REVIEW QUESTIONS 
i ancl 


Name 


` 


Date 


. The EPA has eliminated the production of Class | substances and the EPA aiso wants the 


substances ___. 
A. contained 
B. reclaimed 
C. destroyed 
D. recycled 


. As CFC refrigerants become harder to obtain, CFC refrigerants will become too __ to use. 


A. involved in paperwork 

B. contaminated 

C. old 

D. expensive : 
Refrigerants must be recovered during the servicing of refrigeration systems that contain ___ 
refrigerants. 

A. Class | 

B. Class Ill 

C. perfluorocarbon 

D. universal 
____ is when the recovery process is achieved with the assistance of system components in re- 
moving refrigerant from a system. 

A. On-site reclamation 

B. Recovery reclamation 


C. Passive recovery 


D. Active recovery 


. Recycled refrigerant is not required tobe __. 


A. used by the same owner 


R ar uality 


5. tested for q 
C. recovered by a certified technician 


D. cleaned of moisture and acids 


. ___ refrigerant is necessary when refrigerant is heavily contaminated or the quality is unknown. 


A. Reclaiming: 
B. Recovering 
C. Recycling 

D. Destroying 


. Refrigerant mixtures are impossible to__. 


A. reclaim 
B. recover 
C. recycle 
D. destroy 
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10. 


11. 


12. 


13. 


14. 


15. 


Refrigerant reclaimers are required to return refrigerants to the purity level specified in the ___. 
A. Montreal Protocol 
B. Clean Air Act—Section 608 
C. ARI Standard 700-1999 
D. EPA Standard 40 CPR Part 82 


When refrigerant changes ownership, the refrigerant must be ___. 
A. recycled 
B. reclaimed 
C. an HFC refrigerant 
D. a PFC refrigerant 


____ automatically trap refrigerant in hoses when disconnected and are required on all recovery, 
recycling, and reclaiming equipment. 


A. Filters 

B. Manual valves 

C. Gauge sets 

D. Low-loss fittings 
The EPA requires that recovery equipment manufactured on or after__ be tested by an EPA-ap- 
proved testing organization. 

A. September 16, 1987 

B. May 1, 1990 

C. June 29, 1990 

D. November 15, 1993 


All recovery equipment now manufactured must have a _____ on the equipment. 
A. recovery container 
B. scale 
C. certification label or stamp 
D. four-valve gauge manifold 


____ are color-coded according to the type of new refrigerant in the container. 
A. Disposable containers i 
B. Reusable containers 
C. 20 lb refrigerant cylinders 
D. Refrigerant cylinders larger than 20 Ib 


Refrigerant storage cylinders can be filled to a maximum of ___% capacity. 
A. 70 
B. 80 
Cc. 90 
D. 100 


Reusable refrigerant containers must be hydrostatically tested and date-stamped every __ years. 
A. 1 

2 

5 

10 


90 


— p 
Technicians who leak test, re- È ; 


cover, evacuate, ane charge syg] f S S eC r Vi C E> pP r 2 cti Ce S 


tems must use service practices 
dictated by EPA regulations. 
Service practices that comply 
with EPA regulations minimize 
the amount of refrigerant that 
escapes into the atmosphere. 
The service practices must also 
create a safe work environment 
for technicians and not damage 
equipment. 


noncondensable gases, and moisture | 
from p Å before aa ane A list of good practices 


OANA ION for conserving refrigerant 
includes: 
e Recovering/recycling 
ng or refrigeration system refrigerants 
TOOLS AND EQU IT See Fiure 7-1. e Keeping systems tight 


Air and noncondensable gases take | ° Finding and repairing 


up space and raise the operating pres- 
sures oe a system. 


Tools and equipment are required leaks 

for servicing an air conditioning or | 

refrigeration system. To troubleshoot ee E ngee ee ene] 
and service air conditioning and re... | EANGE 
frigeration systems, an understanding 
of tool capabilities is required along 


with system-specific service procedures. 


Vacuum pump efficiency depends on the 
number of pump stages and the purity of 
the vacuum pump oil. 


ECAMCOATF OACI 


Vee Dae 


A vacuum pump is a device used to 
create pressures below atmospheric 
pressure (vacuum in in. Hg) in a closed 


Mastercool® Inc. 


system. Vacuum pumps remove air, Vacuum pumps are used to evacuate air conditioning and refrigeration systems. 
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Final system vacuum or 
system vacuum levels are 
always measured with the 
vacuum pump OFF and 
isolated from the system. 


> technical Fact 


Figure 7-1 
create pressures less than at- 
mospheric pressure (14.696 
psia or O psi). 


. Vacuum pumps 


The piping connections 
fo the vacuum pump must 
be as short in length and 
as large in diameter as 
possible. 


low-vacuum vacuum pumps are used for O psi 
to 15 in. Hg vacuum. Medium-vacuum pumps 
are used for applications up to 26 in. Hg 
vacuum. High-vacuum pumps are used for 
applications up to 29.19 in. Hg [50 microns) 


vacuum. 


SIGHT GLASS 
VACUUM PUMP 


SYSTEM EVACUATION CONNECTIONS 


Yellow Jacket Div. 
Ritchie Engineering Co., Inc. 


Gauge Manifolds 


A gauge manifold is a device that has 
two gauges, a manifold with valves, 
and connecting hoses to control re- 
frigerant transfer. A gauge manifold 


is an important tool used when servic- 
ing air conditioning or refrigeration 
systems. A gauge manifold may have 
two valves or four valves, depending 
on whether the manifold has sepa- 
rate valves for vacuum, low-pressure, 
high-pressure, and refrigerant cylinder 
or recovery machine connections. 
See Figure 7-2. Gauges are used when 
charging a system with refrigerant or 
evacuating a system. The low-pressure 
(compound) gauge and connecting 
hose are typically blue in color. The 
low-pressure gauge provides pressure 
readings above (psi) and below (0 in. Hg) 
atmospheric pressure. The high-pressure 
gauge and connecting hose are typically 


color coded red. eters 


gauge provides p re readin: 
0 psi to 500 psi. The center port on 
a three port gauge manifold is used 
during the recovery, evacuation, and 
charging processes. A yellow hose is 
typically used with the center port. 


4 ic . The 
high-pressure hose (red) connects to a liquid 
line access port. The center hose (yellow) 
connects fo the vacuum pump or recovery unit. 


> Technical Fact 


Leak Detectors 


A leak detector is a device that is used 
to detect refrigerant leaks in a pres- 
surized air conditioning or refrigera- 
tion system. Leak detectors available 
include electronic, fluorescent, ultra- 
sonic, fixed, or halide torch detectors. 
See Figure 7-3. 

An electronic leak detector is a leak 
detector that detects the presence of 
halogen gas. Hand-held electronic 
leak detectors are considered the 
industry standard for detecting the 
location of refrigerant leaks. A fluores- 
cent leak detector is a leak detector that 
uses a UV light to detect fluorescent 


dye that was added to a system. An 
ultrasonic leak detector is a leak detector 
that senses the sounds created by a 
leak. A fixed leak detector is a stationary 
leak detector system with sensors and 
controllers to detect one specific type 
of refrigerant. A halide torch leak detec- 
tor is a leak detector that uses a torch 
flame that changes color depending 
on which refrigerant is exposed to 
the copper element. Halide torch 
leak detectors are the least common 
type of leak detector used because of 
safety concerns created by the open 
flame. Nitrogen can also be used to 
pressurize a system (nitrogen with a 


1. Connect high-pressure hose of manifold 
gauge set to suction valve service port. 


HIGH-PRESSURE 
HOSE 


SUCTION LINE 
LIQUID LINE 


SERVICE PORT 
CAP REMOVED 


uid ia pee eee conne 
port helps to protect manifold ga SE 
damage caused by high pressures. 


2. With both “ianifold valves closed, 
connect cylinder of R-410a refrigerant 
to charging machine. 


a. Connect charging machine to mani- 
fold gauge set. 


b. Open valve on R-410a cylinder 
(vapor only). 


LOW-PRESSURE MANIFOLD 
VALVE CLOSED GAUGE SET 


HIGH-PRESSURE 
VALVE CLOSED 


NEW R-410a NEW REFRIGERANT 


REFRIGERANT 


FROM CHARGING 


trace of R-22) to determine if there 
are any leaks in the system. Nitrogen 
must not be added to a fully charged 
system and released to the atmo- 
sphere. A technician must always 
verify the maximum test pressure 
allowed in a system by checking the 
pressure rating on the nameplate of 
the equipment. Soap bubbles are also 
used to pinpoint leaks in a system by 
covering the piping with a soapy solu- 
tion. As the refrigerant leaks, bubbles 
are formed at the point of the leak. 
Electronic and ultrasonic leak detec- 
tors detect the general area of a small 
refrigerant leak. 


Leak Testing with Electronic. Leak Detectors Procedure 


3. Open high-pressure side of manifold to 
allow R-410a into line set and evapo- 
rator coil. Weigh in trace amount of 
R-410a (maximum of 2 oz of refriger- 
ant or 3 psi of pressure). 


4. Close valve on R-410a cylinder and 
valve on high-pressure side of manifold 
gauge set. 


5. Disconnect charging machine from 
manifold gauge set and remove inlet 
hose. 


a. Disconnect R-410a cylinder. 


TRACE AMOUNT OF 
REFRIGERANT CHARGE: 3 PSI 


HIGH-PRESSURE 
VALVE OPEN 


DISCONNECT CYLINDER 


REMOVE 
CHARGING 


MACHINE FROM 


WORK AREA 


DISCONNECT 
INLET HOSE 


MACHINE 


l Chapter 7— Service Practices 


Technicians must not use 
oxygen or compressed 
air to pressurize or leak 
check a system. Oxygen 
or compressed air mixed 
with oil is very explosive. 


The water immersion 
method of leak detection 
requires that refrigerant 
be recovered and that 
the system be pressur- 
ized with dry nitrogen. 
The entire system or 
sealed component is 
submerged in water to 
indicate leaking parts. 


> Technical Fact 


Systems that are typically 
refrigerant charged must 
be checked with pres- 
surized nitrogen when 
the system is empty. Dry 
nitrogen causes the least 
amount of damage to the 
environment. 


> Technical Faci 


When corrosion buildup 
is found within the body 
ofa relief valve, the valve 
must be replaced. 


> fechinical Faci 


REFRIGERANT DISCONNECT OUTLET HOSE 


CYLINDER 


CYLINDER VALVE 


CHARGING 
MACHINE 


FROM CHARGING MACHINE 


continued on next page 
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Leak Testing with Electronic Leak Detectors Procedure (continued) 


OPEN CYLINDER VALVE TEER 
ADJUST PRESSURE REGULATOR TO 150 PSI 


HIGH-PRESSURE 
GAUGE READS 
150 PSI 


6. Connect cylinder of dry nitrogen with 
pressure regulating valve to center > 


port of manifold gauge set. l 
OPEN HIGH- 


CENTER PORT PRESSURE 
VALVE ON GAUGE 
, MANIFOLD ` 
CYLINDER TN 

VALVE i r ERNA ; a 
= EN MS [~ LINE SETAND 

PRESSURE Boo oo WEN EVAPORATOR 
REGULATING a ai mama N PRESSURIZED 
_ (1 PSITO 2 PSI) 8. Check all joints for leaks. ae 


NITROGEN ae 4 J od a. After short period of time, open refriger- 
CYLINDER aes 3 
-e ant port to ensure that an adequate 
amount of refrigerant has been added for - 
detection {refrigerant requirements will - 
_ vary with piping lengths). | 


9. Purge dry nitrogen and R-410a mixture. 


7. Open dry nitrogen cylinder valve. Adjust Comet any ledka at 
nitrogen pressure to 150 psi. Open valve — LIQUID LINE JOINT 
on high-pressure side of manifold gauge set suction LINE JOINT- 
to pressurize line set and evaporator coil. 


AUDIBLE SOUND AND 
NUMBER INDICATE 
SIZE OF LEAK 


ELECTRONIC 
LEAK DETECTOR — 


LOW-PRESSURE GAUGE HIGH-PRESSURE 


GAUGE 
HIGH-PRESSURE 
GAUGE 


LOW-PRESSURE 
GAUGE 


BLUE HOSE 


YELLOW HOSE 
“~ RED HOSE 
dl YELLOW HOSE 
BLUE HOSE RED HOSE 
2-VALVE MANIFOLD 4-VALVE MANIFOLD 
Yellow Jacket Div., 


Ritchie Engineering Co., Inc. 


Figure 7-2. Four-valve gauge manifolds have separate valves for vacuum, low-pressure, high-pres- 
sure, and refrigerant or recovery machine connections. 
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SPX Robinair 
ELECTRONIC 


Yellow Jacket Div. 
Ritchie Engineering Co., Inc. 


UV FLUORESCENT 


SPX Robinair 


ULTRASONIC 


Inficon 


FIXED 


Mastercool® Inc. 


LEAK DETECTION KIT 


Figure 7-3. A leak detector is a device that is 
used to detect refrigerant leaks in air condition- 
ing or refrigeration systems. 


Leak Detection Methods. Soap bub- 
bles are used as a safe way to detect 
leaks from a system in a hazardous 
environment. Soap bubbles can only 
be used if the system being checked 
is fully pressurized. Electronic leak 
detectors work well for detecting 
small leaks, but large leaks can cause 
false positives. UV Fluorescent leak 
detection works well as long as the 
system can be run after the dye has 
been injected into the system. 

Ultrasonic and electronic leak 
detectors can find the general area 
of small leaks. Halide torch leak 
detectors can determine what re- 
frigerant is leaking and how much. 
Halide torch leak detectors cannot be 
used in many applications because 
of hazardous conditions created by 
the open flame. Standing pressure 
and standing vacuum are used to de- 
termine if a leak exists and possibly 
the size of the leak. Neither standing 
pressure nor standing vacuum can 
be used to determine the location of 
a leak. 


Refrigerant Recovery Machines 


All refrigerants must be recovered 
before opening or disposing of any 
type of appliance. Recovery equip- 
ment typically has desiccant packages 
to trap moisture, and an in-line par- 
ticulate filter (15 micron size) to trap 
solids. Long hoses between the air 
conditioning or refrigeration unit and 
the recovery machine must be avoid- 
ed to avoid excessive pressure drops. 
Long hoses also cause an increase in 
the recovery time and an increase in 
refrigerant emissions if refrigerants 
escape to the atmosphere, because a 
longer hose has more volume. See 
Figure 7-4. To facilitate refrigerant 
recovery, the EPA requires that service 
apertures or process stubs be installed 
on all appliances containing Class I 
and Class II refrigerants. 


The low-side test-pres- 
sure data-plate value is 
the maximum pressure 
allowed for leak testing 
a system. 


> Technical Fact 


To verify the allowable 
| recovery-machine test pres- 
| sure, check the design 
pressure on the equipment 
nameplate. 


> technical) Fact 
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REFRIGERANT 
STORAGE 
CONTAINER 


RECOVERY 
MACHINE 


SUCTION PORT Yellow Jacket Div. 


Ritchie Engineering Co., Inc. 


Figure 7-4. Long hoses cause an increase in the recovery time and can also cause an increase in 
refrigerant emissions if refrigerants are escaping to the atmosphere. 


weil ei Sea eral ee. 


Recovering Refrigerant ~~ Type | Systems Procedure 


1. Set up recovery equipment to recover 


refrigerant from the Type | system. udu © VAPOR 


a. Verify that the clean filter screen is 
installed behind the inlet fitting. - 


b. Connect a hose from the outlet fitting 
of the recovery unit to the liquid port 66") 
on the recovery cylinder. a ; HIGH-PRESSURE 


ORT —VAIWes 
/ CLOSED 


c. Connect a hose from the inlet fitting 
on the recovery unit to the output 
port on the manifold gauge set. 


d. Connect a hose from the liquid  ‘OWPRESSUAE 
(low-pressure) side of the manifold _ 
gauge set to the liquid side of the — ae 
system. 


Ve ouner 


e. Connect a hose from the vapor FITTING 


Beate 
(high-pressure) side of the manifold RECOVERY 
gauge set to the vapor side of the ns 


system. ae 


f. Verify that the inlet and outlet valves SCALE 
on the recovery unit are closed. 


FILTER 
FITTING 


g. Place the recovery cylinder on a 


scale to avoid overfilling the cylinder. contac ae] 
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Recovering Refrigerant ~ Type ! Systems Procedure (continued) 


2. Plug the recovery unit into a 115 V 
power source. 


115V 
RECEPTACLE 


3. Slowly open the liquid valve of the 
recovery cylinder while watching the 
hoses and connections for leaks. 


ROTATE KNOB SLOWLY 
COUNTER-CLOCKWISE 


4. Set the recovery/purge valve on the 
recovery unit to RECOVER. 


ERN RECOVER 


SET VALVE 
TO RECOVER 


PURGE 


5. Open the liquid valve on the manifold 


gauge set. Note: Opening the liquid 


valve removes liquid refrigerant from 
the system first, greatly reducing recov- 
ery time. 


ROTATE LIQUID VALVE 
COUNTER CLOCKWISE 
TO OPEN VALVE 


Z 
¥ $e — nau 
b REFRIGERANT 

6. Open the outlet valve on the recovery 
unit. 


ROTATE OUTLET 
VALVE CLOCKWISE 
TO OPEN VALVE 


OUTLET VALVE 


7. Toggle the power switch to the ON 
position. 


8. Slowly open the inlet valve on the 
recovery unit. Note: If the recovery unit 
begins to “knock,” slowly throttle back 
(close) the inlet valve until the noise 
stops. 


ROTATE INLET 
VALVE COUNTER- 
CLOCKW 


10. Once the liquid refrigerant has been 
removed from the system, open the 
vapor valve on the manifold gauge set 
to finish evacuating the system. 


ROTATE VAPOR 
VALVE COUNTER- 


11. Run the recovery unit until the desired 
vacuum (typically 10 in. Hg vacuum for 
small Type | systems) is achieved. 


12. Close the vapor and liquid valves on 
the manifold gauge set. 


13. Rotate the inlet valve on the recovery 
unit to the closed position. 


4 


14. Toggle the start switch to the standby 
position and the power switch to the 
OFF position. 


MOVE POWER 
SWITCH TO OFF 


MOVE START 


15. Always purge the recovery unit and | 
hoses after a recovery procedure. 
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Figure 7-5. Exceptions to 
system evacuation require- 
ments occur when a system 
has leaky components or if a 
minor repair is required. 


EPA EVACUATION REQUIREMENTS 


Since July 13, 1993, technicians have 
been required to evacuate air condi- 
tioning and refrigeration equipment 
to established vacuum levels when 
opening equipment. Recovery and recy- 
cling equipment must be certified by an 
EPA-approved equipment testing orga- 
nization. Persons who add refrigerant 
to an appliance to top off the system 
are not required to evacuate the system. 


EXCEPTIONS TO EVACUATION 
REQUIREMENTS 


The EPA has established limited ex- 
ceptions to evacuation requirements 
for repairs to leaky equipment and 
for repairs of equipment that are not 
considered major. Some system repairs 


such as replacing a condenser fan mo- 

tor are not required to be followed by 

an evacuation of the equipment. 

If, due to leaks, evacuation to the 
levels indicated on system evacuation 
tables is not attainable, or if the evacu- 
ation would substantially contaminate 
the refrigerant being recovered, the 
person opening an appliance must: 

e isolate leaking from nonleaking 
components wherever possible. See 
Figure 7-5. 

ə evacuate nonleaking components to 
the levels found in the evacuation table 

e evacuate leaking components to the 
lowest level that can be attained with- 
out substantially contaminating the 
refrigerant (the evacuation level of 
leaking systems cannot exceed 0 psi). 


FOLLOW WHEN EVACUATION LEVELS 
ARE NOT POSSIBLE OR WOULD 
CONTAMINATE REFRIGERANT 


7 Evacuate non-leaking ` 
components to 
evacuation table 
levels ~ Be 


Lal 


Isolate leaking 

components from ` 
© non-leaking 

components 


| 


` Evacuate leaking 

* components to lowest 
| level (minimum 0 psi) 
: without contamination 


Evacuation levels of * 

leaking systems or 

components cannot 
exceed 0 psi 


REFRIGERANT LINE 
CONDENSER COIL 
COMPRESSOR 


aan 


REFRIGERATION SYSTEM 


FOLLOW WHEN EVACUATION OF THE EQUIPMENT 
TO THE ENVIRONMENT IS NOT PERFORMED OR 
REPAIR IS NOT MAJOR 


REFRIGERANT 
LINE TO 
EVAPORATOR 


Tecumseh Products 
Company 


FILTER 


> S: 
J — 


ELECTRIC 
MOTOR 


Yellow Jacket Div. 


Ritchie Engineering Co., Inc. 


EVACUATION MACHINE 
I 


Chapter 7—Service Practices 


Evacuating Type |. Systems. Procedure 


3. Connect a recovery machine to the center manifold 
(yellow) hose of the gauge set. 


a. The recovery machine should have a drier, so 
moisture can be removed from the evacuated 
refrigerant. 


b. A recovery cylinder is required to store evacuated 
refrigerant. 


GAUGE SET 


FILTER- 


EMPTY 
RECOVERY 
CYLINDER 


TYPE | SYSTEM (COOLER) 


CONNECT RECOVERY MACHINE 


4. Open the low-pressure valve and the high-pressure 
valve on the gauge set, and valve on the recovery 
cylinder. : 

1. Shut off the Type | refrigeration system. Stop the OPEN LOW-PRESSURE 
MANIFOLD VALVE 
compressor. n 
çy- PRESSURE —~ 
/ REACHES 0 PSI gay 
TURN THERMOSTAT ; 
TO ZERO 


UNPLUG COOLER 
FROM RECEPTACLE 


OR 
: OPEN HIGH- 
s< OPEN 
PRESSURE gum 
Bete. RECOVERY 
t Wy MANIFOLD K CYLINDER 


VALVE , _ VALVE 


2. Install solderless service piercing valves and connect srono here n machinevoriar 


gauge set. A ; : 
' the refrigerant out of the refrigeration 
a. Connect the high-pressure (red) gauge to the system. 
high-pressure liquid service valve and the 
low-pressure (blue) gauge to the low-pressure 6. Continue operating the recovery 
pe VICe OINe. machine until the pressure in the system 
b. Ensure that the valves on the gauge set are in the reaches O psi. Then, stop the vacuum 
closed position. pump and close the low-pressure valve 
on the manifold. 
LOW-PRESSURE GAUGE HIGH-PRESSURE 
SOLDERLESS 
PIERCING VALVE CLOSE LOW-PRESSURE CLOSE HIGH-PRESSURE 


URE 


MANIFOLD VALVE 


HIGH-PRESS 
GAUGE 


RECOVERY 
CYLINDER 
VALVE 


LOW-PRESSURE 
MANIFOLD VALVES SOLDERLESS 
ARE CLOSED PIERCING VALVE 


STOP RECOVERY ; 
MACHINE continued on next page 
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Evacuating Type | Systems Procedure (continued) 


7. Observe the gauges for a pressure rise. 


e If pressure rises quickly (to atmospheric pressure), 
the hose connections could be loose. Tighten the 
connections, repeat steps 4 through 6, and 


observe. 


e If pressure continues to rise quickly, there is a leak 
in the system. Open the low-pressure valve and 


resume evacuating. 


e |f pressure rises slowly, there is moisture in the 
system or refrigerant still in the system. Open the 


9. Close the low-pressure service valve and the recov- 
ery cylinder valve. Remove the gauge set from the 
system and recovery cylinder. 


10. Perform necessary repairs or replace parts. 


` 11. Perform a leak test once repairs have been made. © 


low-pressure valve and resume evacuating. 


~ 8. Hold system pressure at O psi for a few hours or halfa ` 
day, depending on the size of the refrigeration system. 


If evacuation of the equipment 
to the environment is not to be per- 
formed when repairs are complete, the 
appliance must be: 

e evacuated to at least 0 psi before the 
appliance is opened if the appliance 
is a high- or very high-pressure system 

e pressurized to 0 psi before the ap- 
pliance is opened if the appliance 
is low-pressure. 

Methods that require subsequent 
purging with nitrogen cannot be used 
except with appliances containing 
R-113 refrigerant. 


The moisture of the atmosphere on a very dry 
day (15% humidity) is about 1000 ppm. In a 
refrigeration system, moisture content of 100 
ppm is high and must be removed prior to 
charging the system. 


Dehydration and Evacuation 


Dehydration is the process of removing 
moisture (water vapor) from air con- 
ditioning or refrigeration systems. 
As air enters a system, moisture also 
enters. Moisture in an air conditioning 
or refrigeration system will cause acids 


12. Evacuate the refrigeration system once again. Start 
with step 2 and continue fo step 9. 


13. Recharge the system using the evacuated refrigerant 
or new refrigerant. 


to form. Dehydration of a system is 
accomplished by evacuating the system. 
A system is dehydrated when a vacuum 
gauge shows that the desired deep vacu- 
um has been reached and held. Systems 
are typically evacuated at the conclusion 
of system service to eliminate noncon- 
densables such as air from the system. 
To acquire an accurate vacuum read- 
ing during the evacuation process, the 
vacuum gauge must be located in the 
system as. far from the vacuum pump 
as possible. Vacuum lines (hoses) must 
be equal to or larger in size than the 
pump intake connection. Vacuum 
is typically measured in inches of 
mercury (in. Hg). Deep vacuums are 
typically measured using microns. An 
evacuation to 500 microns is sufficient 
for most systems. A system can never 
be overevacuated. See Figure 7-6. Fac- 
tors that affect the evacuation time of 
a system include the following: 
e size of equipment being evacuated 
e ambient temperature 
e amount of moisture in the system 
e size (capacity) of the vacuum pump 
e length and diameter of hoses 
e whether the recovery vessel is packed 
in ice 
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Dehydration is accomplished by 
lowering system pressure. As system 
pressure drops, the boiling point of the 
moisture is reached, causing the mois- 
ture to vaporize and be pulled out of the 
system. The use of a properly sized vac- 
uum pump for an application is very 
important. A vacuum pump that is too 
small cannot create enough vacuum and 
will not properly dehydrate a system. A 
vacuum pump that is too large creates a 
deep vacuum too quickly and will cause 
moisture in the system to freeze. 


Removing Moisture from Systems Procedure 


1. Use dry nitrogen to pressurize system and check for 
leaks. Repair leaks, if possible. 


NO LEAKS 


ELECTRONIC 


LEAK DETECTOR 


DRY NITROGEN 
CYLINDER 


GAUGE SET 
CONNECT TO 


SUCTION-LINE 
SERVICE VALVE 


2. Evacuate system to remove as much moisture as 
possible. 


CONNECT TO 
LIQUID-LINE 
SERVICE VALVE 


SERVICE VALVE 


VACUUM FILTER/DRYER 
PUMP 


3. Use dry nitrogen to break the vacuum. 


4. Evacuate system again. 


5. Charge by weight appropriate amount of R-410a 
refrigerant (listed on unit nameplate) into system. 


CONNECT TO 
SUCTION-LINE 


R-410a MANIFOLD 
GAUGE SET SERVICE VALVE 


R-410a CHARGING NT 
MACHINE LINDER 


6. Monitor system to determine amount of moisture 
remaining in the oil. Use test kit to verify that 
moisture content is within dry color range of kit. 


CONNECT TO SUCTION- 
LINE SERVICE VALVE 


R-410a MOISTURE 
PAs TEST TUBE MOISTURE 
parm a TE TEST TOOL 


pa 


Vacuum pumps are used to remove moisture (dehydration) from air condi- 
tioning systems. 
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Speed Factors 


Size of equipment 


Ambient temperature 


Moisture in system 


Size of vacuum pump 


McQuay International 


BASEMENT 


Ritchie Engineering Co., Inc. 


LARGE VOLUME 


Ritchie Engineering Co., Inc. 


SMALL CFM 


Carrier Corporation 


SMALL VOLUME 


McQuay International 


Ritchie Engineering Co., Inc. 


SMALL VOLUME 


Ritchie Engineering Co., Inc. 


LARGE CFM 


Length and diameter 
of hoses 


Ritchie Engineering Co., Inc. 


LONG HOSES 


Ritchie Engineering Co., Inc. 


SHORT HOSES 


Recovery vessel 
packed in ice 


Figure 7-6. Many factors affect the time required to evacuate a system. 


“ATOFINA Chemical Co. 
WITHOUT ICE 


C ATOFINA Chemical Co, 


WITH ICE 
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During system dehydration, the temperature 
of the system should not be lower than 50°F 
because lower temperatures would require a 
higher than normal vacuum (held for 15 min) 
fo remove the moisture. 


Recovery and Recycling Machines 


Recovery and recycling machines manu- 
factured today typically have the ability 
to recover more than one type of refrig- 
erant. The machines can then be used 
on various systems or if a technician 
discovers that a system filled with R-22 
refrigerant had R-502 refrigerant added. 
Refrigerants that have been mixed must 
be recovered into a separate tank as 
waste for disposal. When a technician 
is unsure of the quality of recycled 
refrigerant, a sample should be taken 
for analysis by a laboratory or in-house 
analysis machine. See Figure 7-7. 
Upon completion of refrigerant 
transfer between the air conditioning 
or refrigeration system and the recovery 
unit, the technician must guard against 
trapping liquid refrigerant in the system 
compressor (between service valves). 


SAMPLE 
FILTER 


icles EXHAUST 


AIR INTAKE 
(NOT SHOWN) 


REFRIGERANT 
IDENTIFIER 


SAMPLE me, 
CONNECTION SPX Robinair 


——————SSS—_—_ 


Figure 7-7. When a technician is unsure of the 
quality of recycled refrigerant, a sample should 
be taken for analysis by a laboratory or in-house 
analysis machine. 


PRESSURE-TEMPERATURE ~ 
RELATIONSHIPS 


At atmospheric pressure water boils at 
212°F. Atmospheric pressure is 0 psi or 
14.696 psia. To boil water at a tempera- 
ture less than 212°F, the pressure on the 
water must be decreased. To raise the 
boiling point temperature of water, the 
pressure on the water must be increased. 
Water that boils at 212°F at atmospheric 
pressure boils at 40°F at 29.67 in. Hg 
vacuum or 0.12 psia. See Figure 7-8. 


Refrigerant analysis must be performed as part 
of routine maintenance or after a compressor 
motor burnout. Refrigerant temperature and point 
of sampling are critical for proper analysis. 


> Technical Fact 


Pressure-Temperature Charts 


A pressure-temperature (P-T) chart is a refer- 
ence tool used to determine the pressure 
of a refrigerant at a given temperature 
or to determine the temperature of a re- 
frigerant at a given pressure. The boiling 
point or condensing point of a refrig- 
erant is known as the saturation point. 
A P-T chart is a chart that shows corre- 
sponding saturation temperature for a 
given pressure of a specified refrigerant. 

All points on a P-T chart are satu- 
ration points. P-T charts are used by 
the HVAC industry to determine tem- 
peratures or pressures of refrigerants 
at specific times of system operation. 
To determine the boiling point of a 
refrigerant at atmospheric pressure, the 
corresponding temperature at 0 psi must 
be found. To determine the pressure cor- 
responding to the freezing point of wa- 
ter, the pressure corresponding to 32°F 
on a P-T chart is found. See Figure 7-9. 


The proper charging method for blended 
refrigerants is to add the refrigerant into the 
high-pressure side of the system as a liquid 
by weight. 


> Technical Fact 
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PRESSURE 
DECREASED 
TO 0.12 PSIA 


SAFETY — ATMOSPHERIC SAFETY 7 PRESSURE 
Eai PRESSURE A INCREASED 
14.7 PSIA 28.8 PSIA 


252°F 


WATER 


212°F BOILING POINT 252°F BOILING POINT 40°F BOILING POINT 
(ATMOSPHERIC PRESSURE) (INCREASED PRESSURE) (DECREASED PRESSURE) 


Figure 7-8. To lower the boiling point of water, the pressure on the water must be decreased, and to raise the boiling point of water, 
the pressure on the water must be increased. 


* in degrees Fahrenheit 
tin psi 
+ in inches of mercury 


a 


Figure 7-9. To determine the boiling point of a refrigerant, the temperature of the refrigerant must 
be found that corresponds to O psi. 
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CHANGING REFRIGERANT OIL 


The oil in a refrigeration appliance 
may contain large amounts of dis- 
solved refrigerant. The EPA requires 
a reduction in the pressure prior 
to an oil change to ensure that the 
bulk of the refrigerant contained in 
the oil is recovered. Pressure must 
be reduced to a maximum of 5 psi. 
There are two acceptable procedures 
for the recovery of refrigerant con- 
taining oil: 


S Dis 7 


sussion Questions 


e Evacuate (or pressurize) the refriger- 
ation appliance, or isolated portion, 
to a pressure no greater than 5 psi 
and then remove the oil. 

e Drain the oil into a system receiver 
to be evacuated (or pressurized) to a 
pressure no greater than 5 psi. 

These procedures minimize the loss of 
refrigerant from the oil and the interior 
of the refrigeration appliance while the 
oil is being drained. It is a violation to 
change oil at a pressure higher than 5 psi. 


1. Why are air conditioning and refrigeration systems evacuated? 


. How are hydrofluoric and hydrochloric acids formed in air conditioning and refrigeration systems? 


. How is a low-pressure compound gauge different from a high-pressure gauge? 


. Why are soap bubbles used for leak detection? 


. How does the EPA keep control of what recovery and recycling equipment is used during system servicing? 


2 
3 
4 
5. Why should long hoses be avoided on recovery machines? 
6 
7 


. How is a high- or very high-pressure system handled when the system will not be evacuated to the environment at 


the end of a minor repair? 


8. Why is a system dehydrated? 


9. What affects the time it takes to evacuate a system? 


10. How is a pressure-temperature chart useful to a technician? 


Digital Resources 


ATRaReseurces! com/ Bui jekti vel 


Access Code: 827 160 
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REVIEW QUESTIONS 


1. A___ isa device used to create pressures below atmospheric pressure (in in. Hg). 
A. vacuum pump 
B. gauge manifold 
C. noncondensable 
D. halide torch 


2. ___ is the process of removing air and moisture from air conditioning and refrigeration systems. 
A. Vacuum 
B. Recovery 


C. Evacuatio 


D. Rehydration 


3. ____ causes the formation of hydrofluoric and hydrochloric acids in a system. 
A. Oil 
B. Refrigerant 
©. Moisture 
D. High temperature 
4. A low-pressure (compound) gauge and connecting hose are ____in color. 
A. black 
B. red 


Cable 


é D. yellow 


5. A high-pressure gauge typically provides pressure readings from __ to___ 
A. 0 in. Hg; 29.92 in. Hg 
B. 0 in. Hg; 150 psi 
C. 0 psi; 500 psi 
D. 29.92 in. Hg; 150 psi 


6. A(n)_ leak detector detects the presence of halogen gas. 
electronic 

fluorescent 

bubble 

D. halide torch 


Ow 


T: leak detectors can pinpoint the location of a leak, but not how much or what type of refrigerant 


is leaking. 
A. Fluorescent 
B. Ultrasonic 
C. Electronic 
D. Halide torch 
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8. The EPA requires that __ be installed on all appliances containing Class | and Class II substances. 
A. long hoses | 
B. service apertures 
C. process stubs 
D. both B and C 

9. Since ____, technicians have been required to evacuate air conditioning and refrigeration equipment 

to established vacuum levels. 

A. November 15, 1990 
B. July 13, 1993 
C. September 21, 1999 
D. June 17, 2000 


10. The evacuation level of a leaky system cannot exceed ___. 
A. Opsi 
B. 14.7 psi 
C. 29.92 in. Hg 
D. 30 in. Hg 


11. Low-pressure appliances must be pressurized to at least __ before opening. 
A. Opsi 
B. 14.7 psi 
C. 29.92 in. Hg 
D. 30 in. Hg 


12. ___ of an air conditioning or refrigeration system is accomplished by evacuating the system to a deep 
vacuum. 


A. Dehydration 

B. Pressurization 
C. Heat transfer 
D. Charging 


13. A vacuum pump that is too large creates evacuation vacuum too quickly and will cause moisture 
in a system to__. 


A. vaporize 
B. evaporate 
C. condense 
D. freeze 


14. Water that boils at 212°F at atmospheric pressure boils at __°F at 29.67 in. Hg vacuum. 
A. 0 
B. 40 
C. 212 


D. 282 


15. To determine the boiling point of a refrigerant on a pressure-temperature chart, the corresponding 
temperature at__ must be found. 


A. 0 psi 
B. Opsia 

C. 14.7 psi 

D. 29.92 in. Hg 


Twenty-five core questions are 


found on a typical core certi-: 


_ fication test. The information 
covered by the core questions 
“includes refrigeration principles, 
safety, refrigerants, ozone deple- 
tion, regulatory requirements, 
recovery, recycling, reclaiming, 
and service practices. 


Name 


iF 


or E oag 
` s Core Certification 
ESA Test Questions 


7 


Date 


are fluorocarbon refrigerants that cause no harm to stratospheric ozone. 
A. CFCs 

B. HCFCs 

C. HFCs 

D. Halons™ 


2. The Clean Air Act___. 


A. calls for the phaseout of PFC refrigerant production 

B. requires that all leaks be fixed within 30 days 

C. requires OSHA to set standards for the recovery of refrigerants prior to appliance disposal 
D. prohibits CFC/HCFC venting as of July 1, 1992 


3. Refrigerant ___ is the type of contamination that is the most difficult for a reclaiming facility to 
eliminate. 


A. with air 

B. with moisture 

C. from an acid burnout 

D. containing particulate contaminants 


is a CFC refrigerant. 
A. R-134a 

B. R-123 

C. R-22 

D. R-12 


is an HCFC refrigerant. 
A. R-11 

B. R-22 
C. R-114 
D. R-717 
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6. 


10. 


11. 


12. 


13. 


14. 


—— is an HFC refrigerant. 
A. R-134a 
B. R-115 
C. R-22 
D. R-11 


The strongest evidence that CFCs are in the stratosphereis__. 
A. theory only 
B. measurements of CFCs in air samples from the lower atmosphere 
C. measurements of CFCs in air samples from the stratosphere 
D. measurements of other man-made compounds in air samples from the stratosphere 


. Ozone depletion in the stratosphere is a___ problem. 


A. local 
B. regional 
C. national 
D. global 


The ozone layer protects the planet’s surface from ___. 
A. losing oxygen 
B. chlorine monoxide 
C. UV radiation 
D. hydrogen chloride 


One of the most serious results of damage to the ozone layer is __. 
A. increased growth of marine plants 
B. increased volcanic activity 
C. increases in human skin cancer 
D. higher natural background radioactivity 


The size (capacity) of a vacuum pump and suction line size determine __. 
A. vacuum polarity 
B. evacuation time 
C. refrigerant used 
D. oil viscosity 


___ is the element in refrigerants that causes ozone depletion. 
A. Fluorine 
B. Chlorine 
C. Carbon 
D. Hydrogen 


Some state and local governments may establish laws that __. 
A. counteract EPA regulations 
B. are not as strict as the Clean Air Act and EPA regulations 
C. contain stricter regulations than the Clean Air Act and EPA regulations 
D. supersede EPA regulations 
Whenever dry nitrogen from a portable cylinder is used in service and installation practice, the 
most important safety consideration is that ___. 
A. the regulator has a new set of gauges 
B. the gauges are clean 
C. a relief valve is inserted in the downstream line from the pressure regulator 
D. no refrigerant lines can leak 
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15. Personal protective equipment (gloves, safety glasses, safety shoes, etc.) must be worn when __. 
A. reporting for work 
B. handling and filling refrigerant cylinders 
C. climbing ladders 
D. lifting 


16. is a chlorine-free refrigerant. 
A. HFC-134a 
B. CFC-2 
C. HCFC-22 
D. HCFC-124 


17. When leak checking a unit that has lost a complete charge, __ is/are the gas(es) that would 
cause the least damage to the environment. 


A. dry nitrogen and R-22 

B. compressed air and R-12 
C. dry nitrogen 

D. dry nitrogen and R-12 


18. When evacuating a system, the use of a large vacuum pump could cause ____ to freeze. 
A. trapped oil 
B. trapped refrigerant 
C. trapped water 
D. valves 


19. In order to verify the allowable refrigeration system test pressure, check ___. 
A. with the equipment owner or representative 
B. refrigerant pressure tables 
C. the design pressure on the equipment nameplate 
D. with the local utility company 


20. To determine the safe pressure for leak testing a system, a technician should use __. 
A. low-side test-pressure data-plate value 
B. discharge operating pressure 
C. ambient + 30° temperature/pressure value 
D. ambient at standby condition 


21. ___ is a gas that helps form a protective shield around the Earth. 
A. Methane 
B. Radon 
C. Stratospheric ozone 
D. Carbon dioxide 


22. Refrigerant entering the compressor of a refrigeration system isa___. 
A. liquid 
B. subcooled liquid 
C. subcooled vapor 
D. superheated vapor 


23. The state of refrigerant leaving the condenser of a refrigeration system is__. 
A. low-pressure liquid 
B. low-pressure vapor 
C. high-pressure liquid 
D. high-pressure vapor 
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24. Failure of a system to hold a vacuum at the end of the evacuation process indicates that __. 
A. the system is ready to be charged 
B. the system has been adequately evacuated 
C. aleak in the system exists 
D. the feed device is plugged 


25. A system is said to be dehydrated when ___. 
A. the vacuum indicator shows that the required finished vacuum has been reached and held 
B. the vacuum pump has run for at least 12 hours 
C. the manifold suction gauge has held 30 in. Hg vacuum for 2 hours 
D. you are ready to leave for the day 


26. ___ have the highest ozone depletion potential (ODP). 
A. HCFCs 
B. HFCs 
C. CFCs 
D. Mineral oils 


27. When ___ is found in the upper stratosphere, it indicates that the ozone layer is being destroyed. 
A. carbon monoxide 
B. nitrous oxide 
C. trioxide 
D. chlorine monoxide 


28. Of the following refrigerants, __ has the lowest ODP. 
A. R-22 
B. R-123 
C. R-134a 
D. R-502 


29. ____ are an effect of stratosphere ozone depletion on the environment. 
A. Volcanic eruptions 
B. Chlorine compounds 
C. Visible light distortions 
D. Reduced crop yields 


30. The recovery of refrigerants is necessary to__. 
A. sell appliances 
B. stop Legionnaires’ disease from spreading 
C. give refrigerants low ODP additives 
D. provide adequate supplies for service after production bans are in effect 


31. To stop damage to the stratospheric ozone layer, the United Statesis__. 
A. using ground level ozone to rebuild the ozone layer 
B. stopping the production and regulating the use of CFCs 
C. moving away from CFCs and toward Halons™ 
D. stopping the production of HFC and HCFC refrigerants 


32. Equipment covered by EPA regulations includes __. 
A. only refrigerators and freezers 
B. all air conditioning and refrigeration equipment containing and using CFC refrigerants 


C. all air conditioning and refrigeration equipment containing and using CFC and HCFC 
refrigerants 


D. only commercial air conditioning and refrigeration equipment 
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33. The EPA classifies __ as a “low-pressure refrigerant.” 
A. R-134a 
B. R-123 
C. R-22 
D. R-500 


34. A ternary blend of refrigerants can be described as a(n) __ mixture. 
A. azeotropic 
B. two-part 
C. three-part 
D. four-part 


35. Chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs) are similar in that___ 
A. they have the same ozone depletion potential 
B. they both contain hydrogen 
C. both must be recovered before opening or disposing of appliances 
D. they have the same saturation pressure at 70°F 


36. During the servicing of a refrigeration system containing R-12, the refrigerant must be ___ 
A. replaced with R-134a 
B. recovered 
C. vented 
D. destroyed 


37. The oils that are used with most HFC-134a refrigerant applications are ___ 
A. esters 
B. alkylbenzenes 
C. whale oils 
D. all oils are compatible with HFC-134a 
38. _ isthe removal of refrigerant in any condition from a system and storing the refrigerant in an external 
d container without necessarily testing or processing the refrigerant in any way. 
A. Recycling 
B. Recovering 
C. Reclaiming 
D. Restoring 
39. The high-pressure gauge on a service manifold set has a continuous scale, typically calibrated 
toreadfrom__ to___ 
A. 500 microns; 0 psig 
B. Opsi; 200 psi 
C. 0 psi; 500 psi 
D. 250 psi; 750 psi 


40. Ona typical gauge manifold set, the high-pressure gauge is color-coded __ 
A. green 
B. yellow 
C. blue 
D. red 


41. ____ is a safety precaution that must be followed. 
A. Storing cylinders in direct sunlight at a temperature of more than 125° 
B. Storing recovered refrigerant in new DOT refrigerant cylinders 
C. Shipping refrigerant cylinders in the horizontal position 
D. Refraining from using oxygen to purge lines or pressurize systems 
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42. Since 1995, supplies of CFC refrigerants for equipment servicing come from ___. 
A. recovery and recycling 
B. solvent conversion 
C. European chemical manufacturers 
D. third world chemical manufacturers 


43. ___ results in violation of the Clean Air Act. 
A. Using dry nitrogen to pressurize systems 
B. Having a cylinder that is clearly marked with the chemical name 
C. An accusation of misconduct 
D. Failing to reach required evacuation levels before opening or disposing of appliances 


44. Anawardofupto$__ may be paid to a person supplying information that leads to penalties against 
a technician who is intentionally venting. 


A. 5000 

B. 10,000 
C. 25,000 
D. 50,000 


45. Proper disposal of refrigerant cylinders is accomplished by ___. 
A. bleeding refrigerant to ambient air and throwing the cylinders into a trash dumpster 


B. ensuring that all refrigerant is recovered and that the cylinders are rendered useless, then 
recycling the metal 


C. refilling the cylinders a second time at an approved facility 
D. giving the cylinders to a reclaiming facility for reuse 
46. Before a technician disposes of any appliance containing a CFC or HCFC refrigerant, the 
technician must ___. 
A. recover the refrigerant 
B. purge the appliance with nitrogen 
C. flush the appliance with R-11 
D. seal the appliance so no refrigerant can escape 


47. Blended refrigerants must be charged __. 
A. as a vapor 
B. at very high temperatures 
C. by weight into the high-pressure side of the system as a liquid 
D. the same as any other refrigerant 


48. Blended refrigerants leak from asystem___. 
A. ata faster rate than other refrigerants 
B. in uneven amounts due to different vapor pressures 
C. ata slower rate than other refrigerants 
D. only if the line breaks completely 
49. Refrigerant will migrate to the crankcase of a compressor because of the difference in___ between 
the oil and the refrigerant. 
A. vapor pressure 
B. acidity 
C. volume 
D. density 
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50. 


51. 


52. 


53. 


54. 


55. 


56. 


57. 


Recycling isto__. 


A. 


B. 
C. 


D. 


remove refrigerant, in any condition, from a system and store it in an external container, 
without necessarily testing it or processing it in any way 


process refrigerant to a level equal to new product specifications and test it to verify purity 


clean refrigerant by oil separation and single or multiple passes through moisture-absorption 
devices and then reuse the refrigerant 


remove refrigerant from job site for disposal 


While servicing a system, a technician discovers that R-502 refrigerant was added to a system with 
R-22 refrigerant. The technician must __. 
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vent the refrigerant since it cannot be reclaimed 
recycle the refrigerant 


. recover the refrigerant into a separate tank 
D. 


recover and use the refrigerant in another system 


A factor affecting the speed of evacuation is the __. 


A. 
B. 
C. 
D. 


boiling temperature of the refrigerant 
manufacture date of the HVAC equipment 
condenser location 

diameter of the hoses 


When operating refrigerant recovery or recycling equipment, _— is a safety precaution that must 
be followed. 


A. 
B. 
C. 
D. 


using standard colored hoses 

keeping the high-pressure (red) valve open at all times 
having the relief valve at the highest point in the system 
wearing protective gloves 


A refrigerant label is placed ona _. 


A. 
B. 
C. 
D. 


refrigerant cylinder to be returned for reclaiming 
truck to identify the cylinder hauler 

cylinder to identify gross weight 

cylinder to identify pressure 


According to the EPA, it has been illegal to vent substitutes for CFC and HCFC refrigerants since 


A. 
B. 
C. 
D. 


July 1, 1992 
July 1, 1993 
November, 1993 
November, 1995 


The Montreal Protocolis__. 


A. 


a treaty among nations that controls production of chlorofluorocarbons and hydrochloro- 


fluorocarbons 


B. 
C. 
D. 


a test for energy efficiency adopted by the Canadian government 
a procedure for measuring levels of CFCs in the atmosphere 
a test for ozone concentration 


“System-dependent” recovery devices __. 


A. 
B. 
C. 


are hermetically sealed units requiring special maintenance 
must be connected to the liquid port on large systems 


capture refrigerant with the assistance of components in the air conditioning and refrigeration 
system 


must be plugged into a power source 
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58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


An azeotropic mixture is a mixture that __ 
A. raises the refrigerant’s boiling point 
B. raises the refrigerant’s pressure 
C. lowers both boiling point and pressure of the refrigerants 
D. combines two refrigerants that create a third refrigerant with its own individual characteristics 


When a refrigerant blend has a range of boiling points or condensing points in the evaporator and 
condenser, respectively, the term used to describe the range is ___. 


A. pressure slump 
B. mixture glide 

C. fractionation 

D. temperature glide 


A compound pressure gauge for the low-pressure side of a system measures pressure in___. 
A. psia 
B. torrs and microns 
C. psi and inches of mercury 
D. microns 


To reclaim a refrigerant is to : 


A. remove refrigerant, in any condition, from a system and store it in an external container, 
without necessarily testing or processing the refrigerant in any way 


B. process refrigerant to a level equal to new product specifications as determined by chemical 
analysis 


C. clean refrigerant by oil separation and single or multiple passes through moisture-absorption 
devices and then reuse the refrigerant 


D. remove refrigerant from the job site for disposal 
— is/are the leak detection method considered to be the most effective for locating the general area 
of small leaks. 

A. Bubble test 

B. Electronic/ultrasonic testers 

C. Halide torch 

D. Audible sound 
Long hoses between the air conditioning or refrigeration unit and the recovery machine should 
be avoided because long hoses cause ___. 

A. ice to form in the recovery machine 

B. compressor oil to be trapped in bypass 

C. vibrations throughout the refrigeration unit 

D. excessive pressure drops 


The piping connection to a vacuum pump must be __. 
A. as short in length and as large in diameter as possible 
B. a suitable size to connect to a gauge manifold 
C. coiled and taped together 
D. colored red or blue to meet codes 
Whenever working with any solvents, chemicals, or refrigerants, the technician must review ___ 
sheets. 
A. moisture solubility data 
B. chemical compound reference 
C. material safety data 
D. chemical composition reference 
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66. When transporting cylinders containing used refrigerant, the DOT requires that technicians __. 
A. use OSHA-approved containers 
B. attach DOT classification tags 
C. ship by EPA-certified carriers 
D. ensure pressurization with dry nitrogen to 120 psi 


67. Compared to CFCs, HCFC refrigerants are ___ harmful to stratospheric ozone. 
A. more 
B. just as 
C. less 
D. not at all 


68. An increase in ultraviolet radiation could result in an increase in the number of __. 
A. cataracts cases 
B. cases of infertility 
C. cases of heat prostration 
D. thyroid disorders 


69. CFCs were not manufactured or imported into the U.S. after__. 
A. 1994 
B. 1995 
C. 1996 
D. 2000 


70. On July 1, 1992, it became illegal to __. 
A. use CFC or HCFC refrigerants 
B. manufacture CFC or HCFC refrigerants in the U.S. or import them 


C. knowingly release CFC or HCFC refrigerants during the service, maintenance, repair, or 
disposal of appliances 


+ D. charge CFC refrigerants into a system 


71. A refrigerant oil that is hygroscopic __. 
A. is a good lubricant 
B. is crude oil and unrefined 
C. has a high affinity for water 
D. can be left open to the ambient air 


72. Ester-base oils can be mixed with ___. 
A. pag oils 
B. paraffinic mineral oils 
C. alkylbenzene oils 
D. no other oils 
73. ___ is the cleaning of refrigerant by oil separation and single or multiple passes through devices like 


replaceable-core filter/dryers, which reduce moisture and acidity for immediate reuse in the same 
facility. 


A. Recycling 
B. Recovering 
C. Reclaiming 
D. Restoring 
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74. Recovering refrigerant during low ambient temperatures will ____. 
A. shorten recovery time 
B. slow the recovery process 
C. minimize emissions 
D. require frequent dryer changes 


75. According to the ASHRAE refrigerant safety classification standard, Class _____ refrigerants are 
the most safe. 


A. A-1 
B. A-3 
C. B-1 
D. B-3 
76. Technicians must not use oxygen or compressed air to pressurize appliances to check for leaks 
because ___. 
A. when mixed with compressor oil, oxygen and compressed air can explode 
B. leaking oxygen and compressed air are difficult to detect 
C. the pressures produced by oxygen and compressed air are not acceptable 
D. oxygen and compressed air do not mix well with refrigerants 


77. Ozone in the stratosphere above the Earth consists of ___. 
A. molecules containing three oxygen atoms 
B. molecules containing two oxygen atoms 
C. radioactive particles 
D. pollutants that have risen from ground level 


78. Refrigerant entering the metering or expansion device of a refrigeration systemisa___. 
A. liquid 
B. saturated vapor 
C. superheated vapor 
D. mixture of vapor and liquid 


79. The Montreal Protocol controls __. 
A. all refrigerants 
B. all oils 
C. standard procedures to be followed 
D. ozone-depleting substances 


80. The center port on a three-port manifold is used for__. 
A. obtaining gauge readings 
B. pumping air into a system 
C. bypass from low to high side 
D. recovery, evacuation, and charging 


81. ____refrigerant(s) may be recovered into a recovery cylinder. 
A. Only one type of 
B. Two different types of 
C. Any number of CFC 
D. Any number of non-CFC 
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82. In most refrigerant accidents where death occurs, the major cause is __. 
A. toxic poisoning 
B. oxygen deprivation 
C. refrigerant burn 
D. heart failure 


83. Refrigerant cylinders must be shipped in the __ position. 
A. inverted 
B. upright 
C. horizontal 
D. diagonal 


84. All devices used for refrigerant recovery must __. 
A. be portable 
B. contain a heavy-duty shield 
C. have a 20,000 Btu/hr rating 
D. meet EPA standards 


85. The component that changes low-pressure vapor to high-pressure vapor is the ___. 
A. evaporator 
B. condenser 
C. cap tube 
D. compressor 


86. During dehydration of a refrigeration system, the refrigeration system may be heated to __. 
A. prevent oxidation 
B. increase oil viscosity 
C. decrease dehydration time 
D. increase dehydration time 


87. ___ is a suitable substitute refrigerant for R-12 with system modifications. 
A. PFC-512 
B. HFC-125 
C. HCFC-22 
D. HFC-134a 


88. Overevacuation of asystem__. 
A. causes tube collapse 
B. damages vacuum gauges 
C. causes vacuum pump damage 
D. does not occur 


89. When transferring refrigerant to a pressurized cylinder, the safe filling level can be controlled by 


. a sight glass 
time 
ice 
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. a scale 
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90. The main reason why a technician must never heat a refrigerant storage or recovery tank with an 
open flame is that ___. 


A. it can result in venting refrigerant to the atmosphere 

B. the tank may explode, seriously injuring people in the vicinity 

C. the tank could be damaged, rendering it unusable 

D. the refrigerant in the tank may decompose, forming a toxic material 


91. The synthetic lubricants presently used with HCFC ternary blends are ____ lubricants. 
A. alkylbenzene 
B. glycol 
C. ester 
D. whale oil 


92. Measuring system vacuum is accomplished with ___. 
A. the vacuum pump on 
B. the vacuum pump off 
C. the system heated 
D. a gauge as close as possible to the vacuum pump 


93. Reusable containers for refrigerants that are under high pressure (above 15 psi) at normal ambient 
temperature must be hydrostatically tested and date stamped every ___ years. 


A. 1 
B. 2 
Cc. 5 
D. 10 


94. Disposable refrigerant containers are used for ____ refrigerant. 
A. recycled 
B. recovered 
C. new 
D. CFC 


95. The reason for dehydrating a refrigeration system is to remove __. 
A. water and water vapor i 
B. oil and oil vapor 
C. refrigerant and refrigerant vapor 
D. particulates 


96. Technicians may use a disposable cylinder to recover refrigerant __. 
A. when the system contains the same refrigerant as the cylinder 
B. when the system contains less than 10 lb of refrigerant 
C. only in an emergency 
D. never 


97. A refillable refrigerant cylinder must not be filled above 
A. 50 

B. 70 

C. 80 

D. 95 


% of its capacity by weight. 
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98. ___ is considered a Class | substance. 
A. R-12 
B. R-22 
C. R-123 
D. R-407c 


99. If refrigerants are mixed during recovery, the refrigerants __. 
A. can be used as a blend 
B. cannot be reclaimed and incineration may be required 
C. will separate during storage 
D. will be explosive 


100. ___ must be recovered before opening or disposing of appliances. 
A. Lubricating oil 
B. Compressor oil 
C. Electric motors 


D. Refrigerants 


101. When scrapping a disposable cylinder, the cylinder pressure must be at __ psi. 
A. 0 
B. 20 
C. 50 
D. 80 


102. A technician who is fined, loses his/her certification, and is required to appear in federal court has 
probably __. 


A. worked for more than three HVAC service companies 
B. faced an EPA review board 
C. violated OSHA regulations 

6 D. violated Clean Air Act provisions 


103. Measuring final system vacuum is accomplished with the ___. 
A. gas ballast open 
B. vacuum pump operating 
C. system heated 
D. system isolated and the vacuum pump turned off 


104. During dehydration or system evacuation, vacuum lines (hoses) must be ___. 
A. orange in color for safety reasons 
B. as long as possible 
C. smaller than the pump intake connections 
D. equal to or larger than the pump intake connections 


105. The smallest container in which refrigerants may be sold to a Section 608 certified technician is 
eile 


A. 1 
B. 10 
C. 15 
D. 20 
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106. CFCs are more likely to reach the stratosphere than other compounds containing chlorine because 


CFCs__. 

A. do not dissolve in water or break down into compounds that dissolve in water, so CFCs 
do not rain out of the atmosphere 

B. are lighter than other chlorine compounds, making it easier for them to float upward when 
released 

C. are stored under pressure, causing them to jet upward when released 

D. are attracted to ultraviolet radiation 

107. _ is a release of CFC or HCFC refrigerant that is a violation of the prohibition on venting. 

A. Release of “de minimis” quantities in the course of making good faith attempts to recapture 
and recycle or safely dispose of refrigerant 

B. Release of a nitrogen and refrigerant mixture that results from adding nitrogen to a charged 
appliance to check for leaks 

C. Refrigerants vented in the course of normal operation of an appliance 

D. Refrigerants emitted when connecting or disconnecting hoses to charge or service an 


appliance 


108. Upon completing the transfer of liquid refrigerant between the recovery unit and the refrigeration system, 
a technician must guard against trapping __. 


A. 
B: 
C. 
D. 


oil in the transfer unit receiver 

oil in the refrigeration system’s cooler 

liquid refrigerant in the compressor or between service valves 
liquid refrigerant in the recovery receiver 


109. When addressing consumer questions regarding additional service expense due to recovery 


efforts, 


A. 


Bi 
C. 
D. 


technicians must explain that __. 

the system is somewhat large and refrigerant recovery can take hours 

the system is quite old and standard practices must be slowed to accommodate the system 
the system is complex and it takes time to go through it 


all professional HVAC service personnel are duty bound to follow the law and protect the 
environment 


110. Care must be taken not to overfill reusable containers because __. 


A. 
B. 
C. 
D. 


the cylinder may be too heavy to lift : 

the internal pressure of the cylinder may rise in heated areas and cause an explosion 
some refrigerant may be vented when closing the valves 

the excess space may be needed for refrigeration for the next job 


111. An oil sample should be taken because ___. 


A. 


B. 
(Cy 
D. 


a new filter/dryer has been installed 

the unit has had a leak or major component failure 
the unit is not cooling properly 

recycled refrigerant has been added to the unit 


112. When an operating refrigeration system contains moisture, the moisture will cause ___. 


A. 


B 
C. 
D 


copper tubes and fittings to rust 


. compressor discharge valves to freeze up 


acids to form 


. compressor head pressures to rise 
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113. Refrigerant vapors or mist in high concentrations must not be inhaled because refrigerant vapors 


are addictive 
. lower body temperature 
. cause heart irregularities or unconsciousness 
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. cause skin cancer 


114. For accurate readings during evacuation, the system vacuum gauge should be connected ___. 
A. atthe pump discharge 
B. as far from the vacuum pump as possible 
C. directly to the pump suction 
D. anywhere in the evacuation service hose 


115. R-134a refrigerant charged systems should be leak checked with ___. 
A. CFCs 
B. HCFCs 
C. pressurized nitrogen 
D. compressed dry air 


116. All recovery equipment manufactured today is required to have __. 
A. acalibration stamp or label 
B. an EPA approved equipment testing organization certification label 
C. oil-less compressors 
D. manual triple shutoffs and triple seal isolation valves 


117. Cooling of the medium occurs in a direct-expansion vapor-compression refrigeration system when 


refrigerant vapor turns to a liquid 

the refrigerant is under maximum pressure 
liquid refrigerant turns to a vapor 

D. the refrigerant gives off heat 
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118. When corrosion buildup is found within the body of a relief valve, the valve must be ___. 
A. repaired 
B. reconditioned 
C. cleaned 
D. replaced 
119. EPA regulations require the installation of a service aperture or process stub on all appliances 
using Class | or Class Il refrigerants for__. 
A. recovering refrigerants 
B. checking for open motor windings 
C. venting noncondensables 
D. dehydrating the system 


120. On a typical gauge manifold set, the low-pressure gauge is color-coded __. 
A. green 
B. yellow 
C. blue 
D. red 
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121. 


122. 


123. 


124. 


125. 


126. 


127. 


128. 


When recovering refrigerant, it is important not to mix different refrigerants in the same container 
because __. 


A. the mixture would explode 

B. the mixture probably is impossible to reclaim 

C. the refrigerant mixture is toxic 

D. itis a violation of the EPA environmental regulations 


A violation of the Clean Air Act, such as the knowing release of refrigerant during the maintenance, 
service, repair, or disposal of appliances, can result in fines up to__. 


A. $1000 per day per violation 
B. $10,000 per day per violation 
C. $32,000 per day per violation 
D. fines are never issued 


A refrigerant cylinder that has a gray body and a yellow top indicates the cylinder is designed to 
hold __. 


A. acetylene 

B. nitrogen 

C. only refrigerant R-143a 
D. recovered refrigerant 


Ozone depletion potential or “ODP” is __. 
A. the same as global warming potential or “GWP” 
B. a measurement of a refrigerant’s ability to destroy ozone 
C. a rating of health hazards caused by ozone depletion 
D. a rating of smog pollution concentrations 


Refrigerant R-22, although considered to be non toxic, _. 
A. can cause oxygen deprivation (asphyxia) 
B. is a Class | refrigerant 
C. can be detected by its color 
D. is lighter than air 


Which refrigerant contains CFC’s? Š 

A. R-500 

B. R-22 

C. R-134a 

D. R-123 
Chlorine in the stratosphere is believed to come primarily from CFCs rather than natural sources 
such as volcanoes because ___. 


A. the rise in the amount of chlorine measured in the stratosphere over the past two decades 
matches the rise in the amount of fluorine over the same period 


B. volcanoes do not contain the highest concentrations of chlorine in the stratosphere 

C. oceans have chlorine molecules rising with the water molecules of evaporation 

D. more pools are being installed every day 
Recovery equipment typically has desiccant packages to trap moisture and an in-line particulate 
filter that has a rating of ___. 

A. 300 psi 

B. 400 psi 

C. 15 microns 

D. 40 microns 
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Type | (small appliafices) is the ` 
EPA classification consisting 
of small capacity refrigeration 
appliances used mostly in res- 
idential systems. The refriger- 
ator in a kitchen or a window 
air conditioner in a room are 
examples of small appliances. 
The size of the equipment along 
with the amount of refrigerant 
charge inside the equipment 
mean there are unique con- 
siderations when servicing or 
repairing small appliances. 


(small appliances) are refrig- 
eration products that are fully man- 
ufactured, charged, and hermetically 


sealed in a factory with 5 lb or less of | 
refrigerant. Technicians passing the 


core test and small appliance (Type I) 
test for the EPA are certified to recover 
refrigerant during the maintenance, 
service, or repair of the following: 

e refrigerators 

e freezers designed for home use 

e room air conditioners (including 
window air conditioners and pack- 
aged terminal air conditioners) 
packaged terminal heat pumps 
dehumidifiers 

under-the-counter icemakers 
vending machines 

drinking water coolers 
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All small appliances must be equipped 
with a service aperture. A service aper- 
ture is a device used to add or remove 


refrigerant from a system. Small appli- 
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A packaged terminal air conditioner [PTAC] 
| can be serviced by a Type | technician only 
if the PATC is designed to contain 5 Ib or less 
| refrigerant. Motor vehicle air conditioning 
(MVAC) systems and the like are not Type 
| appliances. 
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To gain access into the sealed system 
of a small appliance, a piercing access 
valve is used. Piercing access valves 
are installed on service apertures or 
suction lines of a system. When in- 
stalling a piercing access valve onto a 
sealed system, the valve must be leak 
tested before proceeding with refriger- 
ant recovery. In general, piercing-type 
valves should be used only on 4”, 


Type | 


(Small Appliances) 
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Refrigerants have no 
odor. When a pungent 
odor is detected, typically 
a compressor burnout 
has contaminated the 
refrigerant. 


Recommended safe work 

practices when recover- 

ing refrigerants include 
the following: 

e wearing safety glasses 
or goggles when 
working with any com- 
pressed gas 

e wearing butyl-lined 
gloves when connect- 

ing or disconnecting 

a hose 


Figure 9-1. Piercing-type ac- 
cess valves are used to gain 
access into the system of a 
small appliance. 


546”, and 3⁄2” tubing made of copper 
or aluminum. Once a piercing access 
valve has been installed, leak tested, 
and g= eos a must be 


recovery meer messi not be 
performed because 0 psi in a small 
appliance indicates there is no refrig- 
erant in the system to recover. 

If a solderless-type access valve is 
used, the solderless valve must not 
remain installed on the system after 
completion of repairs. Solderless-type 
access valves leak over time due to 
vibrations and therefore are consid- 
ered temporary access valves. See 
Figure 9-1. When a permanent valve 
is required, a soldered Schrader valve 
or saddle-type access valve is used. 
Schrader-type access valves that are 
soldered in position use a piercing pin 
to gain access into the system. 


Solderless valves are temporary 
because the valves leak over — 
time due to vibrations. 
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Small Appliance Refrigerants 


Beginning November 14, 1994, the 
sale of CFC and HCFC refrigerants 
was restricted to technicians certified 
in refrigerant recovery and handling. 
Air conditioners typically use R-22 
refrigerants and refrigerators use R-12 
refrigerants. R-134a is a common ret- 
rofit replacement for R-12 refrigerant 
in household refrigerators. Because 
of the differences between R-12 and 
R-134a refrigerants, there are no “drop- 
in” replacements for R-12 refrigerants, 
only “retrofit” replacements. 


REGULATORY REQUIREMENTS 


Technicians servicing small applianc- 
es must be certified in refrigerant re- 
covery if the technician is to perform 
work on a sealed system after Novem- 
ber 14, 1934. I 


Recovery and Recycling 


Recovery equipment such as a recov- 
ery machine, scale, storage cylinder, 
hoses, vacuum pump, and gauge sets 
are used during the maintenance, ser- 
vice, and repair of small appliances. 


Recovery Machines 


New recovery machines are not com- 
patible with the older refrigerator 
refrigerants that will harm or destroy 
recovery machines and devices manu- 
factured today. Refrigerants used in 
refrigerators built before 1950 must 


not be recovered with recovery ma- 


chines manufactured today. The re- 
frigerants found in refrigerators built 
before 1950 are sulfur dioxide, methyl 
chloride, and methyl formate. 
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Refrigerants used in current small 
appliances such as campers or recre- 
ational vehicles must not be recovered 
without refrigerant-specific approved 
recovery machines and devices. The 
refrigerants found in campers and rec- 
reational vehicles are ammonia, hydro- 
gen, and water. New recovery devices 
are not compatible with camper and 
recreational vehicle refrigerants. Specif- 
ic recovery machines must be used that 
are designed to work with ammonia or 
with hydrogen. See Figure 9-2. 


CAMPER AIR CONDITIONER 


YELLO! 
JACKE 


Yellow Jacket Div., 
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SPECIALTY 
RECOVERY MACHINE 


Figure 9-2. Refrigerants used in small applianc- 
es such as campers or recreational vehicles must 
be recovered with refrigerant-specific approved 
recovery machines. 


EPA RULE CHANGE 
AO CFR Part 82 


EPA has clarified that what was formerly referred to as an “offsite recycling 
standard” is essentially reclamation by a technician or contractor, instead of 
reclamation by a certified reclaimer. EPA and industry have distinguished 
between recycling and reclamation. To recycle refrigerant means to extract 
refrigerant from an appliance and to clean the refrigerant for reuse without 
meeting the requirements for reclamation. Recycled refrigerant is cleaned using 
oil separation and one or more passes through recycling devices. Recycling 
procedures are usually performed at the job site. Reclamation means that the 
refrigerant has been cleaned and chemically analyzed for conformity with the 
ARI Standard 700-1993 purity levels. Hence, refrigerant that has been cycled 
through recycling equipment and tested to ensure that ARI Standard 700-1993 
has been achieved is actually reclaimed refrigerant. Therefore, henceforth EPA 
will refer to this procedure as contractor reclamation, or contractor reclaiming 
rather than offsite recycling. 

~~ EPA is proposing that when the refrigerant remains in the custody of a single 
technician or contractor and a representative sample of that refrigerant has 
been chemically analyzed to determine conformance with the ARI Standard 
700-1993, the refrigerant will be considered reclaimed and may be charged 
into a new owner's appliance. A representative sample may be defined as a 
sample taken from each container of refrigerant to be chemically analyzed and 
tested to ARI Standard 700-1993 prior to packaging for resale or reuse. Such 
samples will be at least 500 ml and shipped in stainless steel test cylinders that 
include a V4” valve assembly and pressure relief rupture disc. EPA believes that 
as long as representative samples of the refrigerant are chemically analyzed by 
certified laboratories to meet the contaminant levels in ARI Standard 700-1993, 
and as long as refrigerant remains in the contractor's custody and control, the 
quality and purity of the reclaimed refrigerant can be ensured. 


Environmental Protection Agency 


Shipping Refrigerant Containers 
Portable refillable cylinders, tanks, 
or containers used to ship CFC or 
HCFC refrigerants must meet De- 
partment of Transportation (DOT) 
standards. Before shipping any used 
refrigerant, the technician must: 

e Properly label the refrigerant con- 

tainer. See Figure 9-3. 

e Properly complete shipping paper- 
work, 

e Check that the refrigerant contain- 
er meets DOT standards. 

The Department of Transportation 
Regulations, 49 CFR, require the 
weight of each cylinder or shipping 
container to be recorded on the ship- 
ping paperwork for hazardous class 
2.2, nonflammable compressed gases. 


When refrigerant, such 
as R-500, is recovered 
from an appliance, it 
must be recovered into 
its own recovery vessel 
that is clearly marked to 
ensure that refrigerants 
do not mix. Refrigerants 
must never be mixed in 
recovery vessels, 


> fechnical Faci 
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Devices used for moni- 
toring the 80% fill level 
in a recovery tank are 
float devices, scales, and 
thermistors. 


Standard vacuum pumps 
can be used fo recover 
refrigerant from a small 
appliance if used with a 
nonpressurized storage 
container. 
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Figure 9-3. Portable refillable cylinders, tanks, or containers used to ship CFC or HCFC refrigerants 
must meet Department of Transportation (DOT) standards by having the proper paperwork and 


labels. 


unprocessed refrigerant mixture is re- 
turned to the owner of the refrigerant 
at the expense of the owner. The refriger- 
ant owner and reclamation facility can 
agree to destroy the refrigerant mixture 
instead of returning the mixture. Rec- 
lamation facilities charge a substantial 
fee for destroying refrigerant. 


RECOVERY REQUIREMENTS FOR 
SMALL APPLIANCE DISPOSAL 


Under Section 608 of the Clean Air 
Act, recovery equipment used to 
recover CFC, HCFC, and HFC refrig- 
erants from small appliances prior 
to final disposal must meet the same 
performance standards as recovery 
equipment used for servicing small 
appliances. The recovery machines 
used for recovering refrigerants from 
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small appliances destined for disposal 
does not have to be tested by a labo- 
ratory. To ensure that technicians are 
recovering the correct percentage of 
refrigerant by either recovery method, 
technicians must use recovery equip- 
ment according to industry standards. 
See Figure 9-4. 


Small Appliance Components 


Small appliances have refrigeration 
systems made up of the same compo- 
nents as other refrigeration systems. 
Small appliance systems have compres- 
sors, condensers, metering devices, and 


evaporators. The compressor used in a 
small appliance typically is a hermeti- 
cally sealed reciprocating compressor — 


or rotary compressor. The condensers 


of small appliances are air-cooled fin- 
and-tube heat exchangers. Metering 
devices are typically capillary tubes 
and the evaporators of small appliance 
systems are dry (direct) expansion-type, 
fin-and-tube heat exchangers. 


SMALL APPLIANCE SERVICE 
PRACTICES 


Leak testing, recovery, evacuation, and 
charging are service practices that are 
performed on all equipment. Howev- 
er, when servicing small appliances, 
certain procedures are performed that 
are unique to small appliances. Regu- 
lations also have an effect on how a 
technician performs certain practices 
on small appliances. 


Compressor i 
“Status 


or 4” Hg 


Nonoperational 


80% refrigerant recovered 


or 4” Hg 


80% refrigerant recovered 


Small Appliance Leak Repairs 


A technician servicing a small appli- 
ance to repair a leak is not obligated 
by the EPA to repair the leak immedi- 
ately. Leak repairs only have to be per- 
formed on refrigeration equipment 
with 50 lb or more of refrigerant. 


Pressure Readings from Recovery 

Cylinders 

Technicians can obtain pressure read- 

ings from recovery cylinders. Accurate 

pressure readings of the refrigerant 
inside a recovery cylinder are import- 
ant for the following reasons: 

e pressure readings can indicate if ex- 
cessive air or other noncondensables 
are present in the cylinder 

e pressure readings can indicate if the 
refrigerant has been broken down 
(made unusable) 


When a refrigerant cylinder ruptures (far 
worse than a compressed-air cylinder rupture 
of the same pressure}, the pressure drop 
causes the liquid refrigerant to flash into 
vapor and sustains the explosive behavior 
of the rupture until all the liquid is vaporized. 


| “aaan Manufactured 
on or after November 15, 1993 


90% refrigerant recovered 
or 4” Hg 


80% refrigerant recovered 
or 4” Hg 


Technicians must vacate 
and ventilate the area 
of a refrigerant spill if no 
breathing apparatus is 
available. 


Refrigerants leaking from 
a system or cylinder in 
large quantities can cause 
suffocation because refrig- 
erants are heavier than 
air and displace oxygen. 
At high temperatures, R-12 
and R22 refrigerants can 
decompose to form phos- 
gene gas, hydrochloric 
acid, or hydrofluoric acid. 


Figure 9-4. To ensure that 
technicians are recovering 
the correct percentage of 
refrigerant, technicians must 
use recovery equipment ac- 
cording to industry standards 
and evacuation requirements. 
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| When filling a graduated 

charging cylinder, refrig- 
erant that is vented off the 
top of the cylinder must 
be recovered. 


> fechnical Fact 


To ensure liquid R-12 
is being charged into 
a small appliance, the 
refrigerant cylinder should 
be inverted. 


> Technical Fact 


Accurate pressure readings are 
only possible if the refrigerant in the 
recovery cylinder is allowed to stabilize 
to ambient temperature before any 
comparisons to a pressure-temperature 
chart are made. See Figure 9-5. Com- 
parisons to a pressure-temperature 
chart are typically made when both 
pressure and temperature in the recov- 
ery cylinder are known to be stable. 


- Accurate pressure readings require that - 
-the recovery cylinder and refrigerant — 
_ Stabilize to ambient temperature 


ae. 
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Figure 9-5. Accurate pressure readings are 
taken when the refrigerant in a recovery cylinder 
is allowed to stabilize to ambient temperature. 


Schrader valve cores can be removed to 
decrease the time it takes to evacuate a 
system. 


The following are examples of 
typical storage cylinder pressures and 
temperatures: 


e A full storage cylinder of recovered 
R-22 refrigerant at a room tempera- 
ture of 75°F, with no noncondens- 
ables, should have a pressure of 
approximately 130 psi. 
Technicians recovering refrigerant 

into nonpressurized containers 
from small appliances such as re- 
frigerators that have inoperative 
compressors are required to store 
the refrigerant in a separate recovery 
container because the refrigerant 
may be contaminated. 


Schrader Valves 


When using recovery cylinders and 

equipment with Schrader valves (flared 

or compression fitting), it is critical to: 

e Inspect Schrader valve cores for 
bends and breakage. 

e Replace damaged Schrader valve 
cores to prevent leakage. See 
Figure 9-6. 

e Cap the Schrader valve ports to 
prevent accidental damage to the 
valve core and refrigerant leaking. 


Servicing Small Appliances 
A sealed system of a small appliance 


with an operating compressor and a 


completely restricted capillary tube 
metering device requires only one ac- 
cess valve on the high-pressure side of 
the system to evacuate the refrigerant. 


SCHRADER VALVE CORES 
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Figure 936. When Schrader valves (flared or 
compression fitting) are used with recovery 
equipment, valve ports must be capped, valve 
cores inspected, and damaged cores replaced 
with core removal tools. 


When a technician checks the 
pressure of a refrigeration system 
to determine system performance, 
the technician must use equipment 
such as manual isolation valves and 
self-sealing hoses to minimize the 
possibility of any refrigerant releases. 
See Figure 9-7. 


A two Schrader valve refrigerant recovery 
procedure requires that a valve be installed 
just upstream of the expansion valve, with 
a second Schrader valve being installed 
between the compressor and condenser. 


w Technical Fad 


40 CFR Part 82 
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game 


Several EPA advisors believe that the use of Schrader valves (flared or 
compression fittings) for clampron piercing access valves should be prohibited. 
Valve cores restrict the flow of liquid refrigerant and provide easy access 


_ for vandals. Adapters for charging hoses are not 100 percent leak-free as 


some adapters trap the refrigerant in the hose, which allows for poral 
cross-contamination into other, clean systems. 

- However, several EPA advisors stated that Schrader valves ha not be 
prohibited, and that it is the technician and not the valve that is the problem. 
If the isolated portion of the system has been pumped down to atmospheric 
pressure, then there is little or no loss when there is a need to remove the valve 
stem. Other advisors stated that the Schrader valves are effective devices 


that actually minimize leaks, and although they tend to slow the process of 


recovering refrigerant, there are devices that will remove the valve core fo | 


-speed up the process. 


The EPA does not prohibit the use of Schrader valves on small Secs 


© EPA believes that such valves assist in the recovery of refrigerant, and that 
- concerns for their release of refrigerant can be minimized through eat 


use. All Schrader valves should be capped v phe not in use. 


ges y Environ Pieces Agency 


SELF-SEALING 


FITTING When a household refrig- 


erator compressor will not 
run, it is recommended 
that low pressure and 
high pressure side access 
valves be installed fo re- 
cover refrigerant from the 
system. This is because 
the valves will enhance 
the speed of recovery 
and may be necessary 
to achieve the recovery 
efficiency required. 


MANUAL 
VALVE 


> Technical Fact 
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Figure 9-7. When a technician checks the pres- 
sure of a refrigeration system, the technician 
must use equipment such as self-sealing manual 
isolation valves and self-sealing hoses to mini- 
mize the possibility of any refrigerant releases. 
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SPX Ronbinair 


After all refrigerant has been recovered from a =a appliance, the system can 


be power flushed or nitre 


Small appliances may 
require flushing if con- 
faminants are found in the 
refrigerant. 


When using nitrogen to 
test a sealed refrigeration 
system, the nitrogen tank 
must be equipped with a 
regulator. When recov- 
ering refrigerant from a 
system that experienced 
a compressor burnout, 
the technician must look 
for signs of contamination 
in the oil. 


> Technical Faci 


tem caused 


Recovery Regulations 

Small appliances are allowed to have 
refrigerant recovered using si passive 
method of ey. L et] 


side. Because small appliances can use 
the passive method of refrigerant recov- 
ery, self-contained recovery machines 
are not always required. 

Refrigerant recovery machines 
must be equipped with special low- 
loss fittings. Low-loss fittings are used 
to connect the recovery machine and 
devices to small appliances while pre- 
venting the loss of refrigerant from 
the connections. Low-loss fittings 
can be manual or automatic. Manual 
fittings require a person to close the 
fitting; automatic fittings close auto- 
matically when disconnected. 


Recovery Speed 

To increase the speed of refrigerant re- 
covery and ensure that all refrigerant has 
been removed from a small appliance 
such as a frost-free freezer, a technician 
can turn the defrost heater of the small 
appliance ON to vaporize any trapped 
liquid refrigerant in the system. After 
recovering the entire refrigerant charge 
from the sealed system, nitrogen can 
be used to pressurize or blow debris 
out of the system. The nitrogen can be 
vented to the atmosphere as long as the 
nitrogen is not contaminated. 


Processing times [speed of refrigerant re- 
covery) of 1.5 lb/min to 3 Ib/min of vapor/ 
minute, or 3 lb/min to 5 lb/min of liquid/ 


minute, are typical for small appliances. 


Recovery Practices 

Small appliances may be serviced for 

maintenance or repair only if the fol- 

lowing conditions are true or present. 

See Figure 9-8. 

e A technician must always know 
the type of refrigerant that is in a 
system before beginning the refrig- 
erant recovery process. 

e The recovery machine and equip- 
ment used must be checked for 
refrigerant leaks on a regular basis. 

e When an excessive pressure condi- 
tion on the high-pressure side of a 
self-contained recovery machine is 
present, the recovery tank inlet valve 
has not been opened or there is exces- 
sive air in the recovery container. 
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container, from the high-pressure when using the active method of 
side of the system. recovery on small appliances with 


e When a system compressor is inop- nonoperating compressors. 
erative, piercing access valves must e \ recover frigerant 
be installed on both the high-pressure 
and low-pressure sides of the system 
to recover refrigerant using the active 
method efficiently. 

e The technician must help release 
trapped refrigerant from compres- 
sor oil during refrigerant recovery 


It is permissible to use 
a passive device on 
a domestic appliance 
for refrigerant recovery 
because it has less than 
15 Ib of refrigerant. 


SELF-CONTAINED UNIT 


METERING 
DEVICE 


6 


EVAPORATOR 


CONDENSER 


PIERCING 
ACCESS VALVE 


PIERCING 
ACCESS VALVE 


RECOVERY 
CONTAINER 


RECOVERY 
ii eae 0 


COMPRESSOR 


SCALE 


Inficon 
Yellow Jacket Div. 
Ritchie Engineering Co., Inc. 


Figure 9-8. Small appliances may be opened for maintenance, service, or repair only if specific procedures are observed. 
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Charging Systems with Refrigerant (High-Pressure Side) Procedure 


1. Recover refrigerant as required by EPA or ODSR 
regulations. Repair any leaks identified and pressure 
test system. 


2. Install a micron gauge directly on the system low-side 


service valve. 


HIGH-SIDE 
SERVICE VALVE 


LOW-SIDE 
SERVICE VALVE 


EEC : TRANSTEE 

3. Open the red and blue manifold valves, and the 
high-side service valve and low-side service valve on 
the system. Keep the refrigerant container valve shut. 


HIGH-SIDE 
SERVICE VALVE 


OPEN 
HIGH-SIDE 


REFRIGERANT 
CONTAINER INVERTED 


TRANSFER 
HOSE 


ELECTRONIC 
SCALE 


4. Evacuate the system to the proper level as required (500 
microns). To check for proper evacuation level, close the 
blue service manifold valve (low pressure), loosen the 
blue hose connected to the vacuum pump before 
shutting off the pump to prevent the vacuum pump oil 
from being sucked out. Shut off the vacuum pump. Wait 
several minutes to see if the vacuum gauge shows that 
the vacuum level has not risen which means that there 
are no leaks and no moisture in system. 


5. Shut off the low-side service valve isolating the micron 
gauge. 
6. Shut off the high-side service valve closing off the red 


hose. 
SHUT HIGH-SIDE 


SERVICE VALVE 


HIGH-SIDE 
SERVICE VALVE 


LOW-SIDE 
SERVICE VALVE 


REFRIGERANT 
CONTAINER INVERTED 


ELECTRONIC 
SCALE 
TRANSFER 
HOSE 


7.Note the scale reading and open the refrigerant 
cylinder valve allowing liquid refrigerant to flow into 
the yellow and red hoses up to the high side service 
valve. 


8. Note the scale reading again. The difference is the 
weight of refrigerant that has entered the yellow and 
red hoses. R 


HIGH-SIDE 
SERVICE VALVE 


LOW-SIDE 
SERVICE VALVE 


MICRON 
GAUGE 


REFRIGERANT 
CONTAINER 
INVERTED 


OPEN 
REFRIGERANT 
CONTAINER VALVE 


ELECTRONIC TRANSFER 
SCALE HOSE 


NOTE: SCALE READING 


continued on next page 
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Charging Systems with Refrigerant (High-Pressure Side) Procedure (continued) 


9. Open the high-side service valve and watch the container 11. Shut off the refrigerant container valve and the 
scale while leaving the container valve and the red manifold valves, and disconnect the hoses using the 
manifold valve open. proper PPE (gloves) to prevent frostbite. 


HIGH-SIDE 
SERVICE VALVE 
HIGH-SIDE 
SERVICE VALVE 


SHUT 


OPEN 
HIGH-SIDE 


LOW-SIDE | HIGH-SIDE 
SEAVICE VALVE ; : SERVICE 
kel 


SERVICE 
VALVE 


LOW-SIDE © 
SERVICE VALVE —p2 


OPEN 


ELECTRONIC TO REFRIGERANT 
SCALE CONTAINER INVERTED 


V 


REFRIGERANT 
CONTAINER INVERTED 


TRANSFER 
HOSE 


WATCH 
CONTAINER SCALE TRANCHE 


ELECTRONIC HOSE 
SCALE 


10. Shut off the high-side service valve when the proper 
weight of refrigerant has flowed as indicated by the 
scale. The system now has the exact required amount of 
refrigerant by weight. 


Discussion Questions 


1. How does the EPA define small appliance? 


2. Why must a small appliance have a service aperture? 

3. Why must a solderless-type access valve be removed from a small appliance once repairs are completed? 

4. How is small appliance servicing affected by EPA regulation changes? 

5. Why do small appliances such as campers and recreational vehicles require refrigerant-specific recovery machines? 
6. How must a technician prepare a refrigerant cylinder for shipment? 

7. Why must technicians use recovery equipment that meets industry standards? 

8. How are small appliances similar to other types of refrigeration systems? 


9. When must a technician repair a leak in a small appliance? 


Technician Certification for Refrigerants 


10. How are accurate pressure readings of the refrigerant in a recovery cylinder taken? 

11. Why are special procedures used to recover refrigerant Ham a nonpressurized small appliance? 

12. Why must Schrader valve ports be capped during system operation? 

13. Why are technicians servicing small appliances not always required to have self-contained recovery machines? 
14. How is nitrogen used in small appliances? 


15. Why must access valves be installed on the high-pressure and low-pressure sides of a small appliance for refrigerant 
recovery? 


Er aaa ase 


— ATPaResclTees"Com/ QUICKLITKE 
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Crepe EEE EN 


Date 


. Small appliances __. 

A. are field charged 
B. have semi-open compressors 
C. have no service aperture 


C. propane torch 
D. hacksaw 


. When system pressure of a small appliance is ___, the recovery process should not be started. 
A. 29.92 in. Hg 
B. 14.7 in. Hg abs 


C. Opsi — 
D. Opsia 
. When EPA regulations are changed after a technician becomes certified, it is the responsibility 
of the ___ to comply with any changes to the law. 
A. air conditioning or refrigeration system owner 
B. recovery equipment owner 
C. technician ' 
D. EPA representative 
. All recovery equipment must be certified by an EPA-approved laboratory if it was manufactured 
after _. 
A. September 7, 1991 
C. July 18, 1999 
D. February 21, 2001 


. The Department of Transportation regulations require that the ___ of each refrigerant cylinder or 
shipping container be recorded on the shipping paperwork. 


B. age 
C. NFPA hazard signal 
D. health hazard 


. When a reclamation facility receives a container of mixed refrigerants, the reclamation facility __ 
the refrigerant mixture. 


A. will store 
B. will separate the refrigerants, then process 
C. will charge more for processing 


D. may refuse to process > D 
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10. 


11. 


12. 


13. 


14. 


15. 


The compressor used in small appliances is typically a compressor or rotary compressor. 


B. centrifugal 

C. screw 

D. semi-open 
Because small appliances have a small amounts of refrigerant charge, the EPA states that small 
appliance leaks must be repaired __. 

A. within 30 days 

B. within 120 days 

C. according to submitted plan 


A storage cylinder of recovered R-12 refrigerant at a room temperature of 75°F, with no noncon- 
densables, will have a pressure of approximately ___ psi. 


A. 20 
B. 45 


D. 110 


Accurate pressure readings of the refrigerant inside a recovery cylinder are important because 
the readings can indicate __. 


A. the size of the recovery container 
B. whether the recovery container contains a dip tube 
C. the refrigerant that is inside the container 
D. W ather SACI j i nd 


The passive method of refrigerant recovery can only be used when less than ____ Ib of refrigerant 
will be recovered. 


A. 5 
C. 20 
D. 50 F 
After recovering the entire refrigerant charge from a sealed small appliance system, ___ can be 


used to blow debris out of the system. 
A. ammonia 
C. compressed air 
D. R-12 


When performing a system-dependent recovery process, a technician must _____ of the small 
appliance and recover refrigerant from the high-pressure side of the system. 


B. disconnect the orifice 
C. open the evaporator 
D. open the metering valve 


When recovering refrigerant into a nonpressurized container from a small appliance with an 
inoperative compressor, a technician must to.remove the refrigerant from the system. 


A. verify the recovery container is above the level of the system 
B. open the system at the metering valve 
C. heat the recovery container 


Twenty-five Type | (small applianc- 
es) questions are found on aType 
I (smail appliances) certification 
test. The information covered by 
the Type I questions includes 
refrigeration principles, safety, 
refrigerants, regulatory require- 
ments, equipment disposal, and 
service practices. 


a INO TENE EAEE NE EANTA EERE TT I 


; r Type | 
~~ (small Appliances) 


-Y - Certification Test 
Questions 


Name Date 
1. Small appliance recovery equipment manufactured on or after November 15,1993 must be cer- 
tified to be capable of recovering __% of the refrigerant when the compressor is not operating, 
or achieving a__” Hg vacuum under the conditions of ARI 740-1993. 
A. 75; 10 
4 B. 80; 4 
C. 90; 4 
D. 99; 10 


2. When recovering refrigerant from a system that experienced a compressor burnout, the technician 
must watch for signs of contamination in the refrigerant and oil because __. 


A. 


B. 
C. 
D. 


contaminants cannot be removed from the refrigerant and the refrigerant will have to be 
destroyed by the reclamation center 


the system will have to be flushed out if contaminants are present 
the contaminants will eat away the interior of a recovery cylinder 
the contaminants will plug up the recovery equipment 


3. Effective August 12, 1993, persons using recovery equipment to recover refrigerant from a small 
appliance must certify to the EPA that they have equipment capable of ___ under conditions of 
ARI 740-1993. 


A. 


B. 


o 


removing 90% of the refrigerant when the compressor is operating or achieving a 10” Hg 
vacuum 


removing 80% of the refrigerant when the compressor is nonoperating or achieving a 4” Hg 
vacuum 


achieving a 27” Hg vacuum 
achieving a 15 Hg vacuum 
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4. Equipment manufactured after November 15, 1993 that is used to recover refrigerant from small 


appliances for the purpose of disposal must be able to recover ___, according to the standard. 
A. 80% of the refrigerant with an operative compressor 
B. 90% of the refrigerant with an inoperative compressor 
C. 90% of the refrigerant with an operative compressor 
D. 95% of the refrigerant regardless of whether the compressor is operative 


5. Ifa large leak of refrigerant from a filled cylinder occurs in an enclosed area, and no self-contained 
breathing apparatus is available, then the technician must ___. 


A. 
B. 
C. 
D. 


use butyl-lined gloves and try to stop the leak 

use a leak detector to locate the leak and try to stop the leak 
vacate and ventilate the spill area 

vacate 


6. Refrigerants such as R-12, R-22, and R-500 in large quantities can cause suffocation because the 
refrigerants __. 


A. 
B. 
C. 
D. 


have a very strong smell 

are lighter than air and cause dizziness 
are heavier than air and displace oxygen 
combine with nitrogen to form CFCs 


7. ___ is/are not a method or device presently used for monitoring the 80% fill level in a recovery tank. 


A. 
B. 
C. 
D. 


Float devices 
Scales 

Sight glasses 
Electronic control 


8. When R-500 is recovered from an appliance, R-500 ___. 


A. 


B. 
C. 


D. 


can be mixed with R-22 or R-12 refrigerants during the recovery process because R-500 
is actually a mixture of the two refrigerants 


can be mixed with R-12 but not R-22 during the recovery process 


need not be recovered since R-500 is not one of the refrigerants covered by the Clean 
Air Act ` 


must be recovered into a separate recovery vessel that is clearly marked to ensure that 
mixing of refrigerants does not occur 


9. When using a system-dependent (passive) recovery process on a system with an operating compressor, 
technicians must run the compressor of the appliance __. 


A. 
B. 


on 240 V while recovering the refrigerant from the capillary tube 


for severa! minutes, shut the compressor OFF, then recover the refrigerant from the 
high-pressure side of the system 


C. to recover the refrigerant from the high-pressure side of the system 


D. for several minutes, shut the compressor OFF, then recover the refrigerant from the 


low-pressure side of the system 


10. Before shipping any used refrigerant in a cylinder, itis necessary to__. 


A. 
Bi 


remove all labels 
properly complete shipping paperwork 


C. check the cylinders for leaks 


D. check that the refrigerant container meets Department of Transportation standards 


Chapter 10—Type I (Small Appliances) Certification Test Questions | 


11. A refrigerant that can be used as a direct, “drop in” substitute for R-12 in a small appliance is __. 
A. R-134a 
B. R-22 
C. R-141b 
D. R-153 


12. Technicians must help release trapped refrigerant from the compressor oil during refrigerant recovery 
when ___. 


A. using self-contained (active) recovery devices 
B. using system-dependent (passive) recovery devices 


C. using a system-dependent (passive) recovery device on small appliances with a nonoperating 
compressor 


D. the refrigerant system has a low-pressure-side leak 


13. Refrigerant recovery devices must be equipped with low-loss fittings, which are fittings that are 
used to connect the recovery device to an appliance and that__. 


A. prevent loss of refrigerant from connections 

B. leak only small amounts of refrigerant during use 
C. must be discarded after each use 

D. are low-pressure and high-pressure oriented 


14. When a household refrigerator compressor does not run, it is recommended that low- and high- 
pressure-side access valves be installed when recovering refrigerant from the system because 


appliance condensers have a high resistance to flow 

it will stop refrigerant from being trapped in bypass 

. the compressor of the refrigerator can be damaged 

D. it may be necessary to achieve required recovery efficiency 
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15. When a reclamation facility receives a cylinder of mixed refrigerant, the reclamation facility may 


A. process the refrigerant and resell it as a refrigerant blend 

B. process the refrigerant into two or more reclaimed refrigerants 

C. resell the refrigerant for reuse in its current state 

D. refuse to process the refrigerant and return it at the owners expense 


16. At high temperatures, such as from open flames or glowing metal surfaces, R-12 and R-22 can 
decompose to form __ gas. i 


A. hydrazine 
B. phosgene 
C. helium 
D. chlorine 


17. When installing a piercing access valve onto a sealed system, __. 
A. the fitting must be leak tested before proceeding with recovery 
B. it is not necessary to leak test an access fitting 
C. the fitting need not be leak tested until the total repair is completed 
D. the system must be pressurized with dry nitrogen before leak testing can be attempted 


18. Portable refillable tanks or containers used to ship CFC or HCFC refrigerants obtained with re- 
covery equipment from small appliances must meet ____ standards. 


A. Department of Transportation 
B. Community Right-to-Know Act 
C. Underwriters Laboratories 

D. EPA 
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19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


Since ___, technicians servicing small appliances are required to be certified in refrigerant recovery. 
A. July 1, 1992 
B. July 1, 1993 
C. May 14, 1993 
D. November 14, 1994 


When attempting a system-dependent (passive) recovery process, both the high-pressure and 
low-pressure sides of the system must be accessed for refrigerant recovery when ___. 


A. there is a leak in the system 

B. the compressor operates normally 

C. the compressor only runs at half speed 
D. the compressor does not run 


All small appliances must be equipped with an aperture or other device that is used when adding 
or removing refrigerant. For small appliances, the aperture typically is__. 


A. a straight piece of tubing that is entered using a piercing access valve 

B. located 15” below the compressor 

C. installed at the factory with 1⁄4” diameter machine threads 

D. not present because small appliances are exempt from this requirement. 


Because small amounts of CFC and HCFC refrigerant have no odor, when a pungent odor is 
detected during refrigerant recovery or system repair, __. 


A. the refrigerant should not be recovered 
B. acompressor burnout has likely occurred 
C. refrigerants have been mixed 
D. the refrigerant must be reclaimed 
— refrigerant used in refrigerators built before 1950 should not be recovered with current recovery 
machines. 
A. Dichlorodifluoromethane 
B. Tetrafluoroethane 
C. Monochlorodifluoromethane 
D. Methyl! formate 


> 


When EPA regulations change after a technician becomes certified, __. 
A. the technician must take a 4 hr recertification class 
B. it is the responsibility of the technician to comply with any changes in the law 
C. anew certification test must be taken to be recertified 
D. the EPA contacts technicians with update notices 


Smail appliance recovery equipment manufactured on or after November 15,1993 must be cer- 
tified to be capable of recovering % of the refrigerant when the compressor is operating, or 
achieving a___” Hg vacuum under the conditions of ARI 740-1993. 


A. 75; 10 
B. 80; 4 
C. 90; 4 
D. 99; 10 


EPA rules require capturing 80% of the refrigerant from a small appliance that has a nonoperating 
compressor if technicians are usinga ___. 


A. piston pump recovery machine 

B. recovery machine manufactured after 2004 
C. dry vacuum pump 

D. self-contained (active) process 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 
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When ___, an excessive pressure condition on the high-pressure side of a self-contained (active) 
recovery device will exist. 


A. asystem has had a compressor burnout 

B. there is excessive vacuum in the recovery container 

C. the recovery container outlet valve has not been opened 
D. the recovery container inlet valve has not been opened 


A standard vacuum pump can be used ___. 
A. alone as a self-contained (active) recovery device 
B. as a recovery device in combination with a nonpressurized container 
C. alone as a substitute for any recovery device 
D. alone as a system-dependent (passive) recovery device 
Packaged terminal air conditioners (PTACs) may be serviced by a type | technician only if the 
PTAC ___. 
A. contains 5 lb or less of refrigerant 
B. contains 15 Ib or less of refrigerant 
C. contains 25 Ib or less of refrigerant 
D. is charged with R-12 


A small appliance, according to EPA regulations, __. 
A. is manufactured, charged with less than 5 Ib of refrigerant, and hermetically sealed in a factory 
B. operates at pressures above 750 psi 
C. is a system with a compressor under 1⁄2 hp 
D. is a system with an evaporator under 160 in? 


A full storage cylinder of recovered R-12 at normal room temperature (about 75°F), with no non- 
condensables present, should be pressurized to ___ psi. 


A. 30 
B. 75 
C. 150 
D. 200 


Wearing ____ is a recommended safe work practice. 
A. safety boots to protect feet from flash freezing leaks 
B. arespirator when working with any refrigerant 
C. a heavy canvas jacket to protect the chest from unwanted sprays 
D. safety glasses or goggles when working with any compressed gas 


A reason to obtain an accurate pressure reading of refrigerant inside a recovery cylinder is that 
the pressure reading can indicate ___. 


A. the type of refrigerant in the container 

B. whether the refrigerant has been contaminated 
C. whether the refrigerant is a blend 

D. whether the refrigerant has broken down 


A system-dependent (passive) recovery process for small appliances ___. 
A. never needs the use of a pump or heat to recover refrigerant 
B. must use a pressure-relief device when recovering refrigerant 
C. can capture refrigerant into a nonpressurized container 
D. can only be performed on a system with a nonoperating compressor 
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35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


When using nitrogen to pressurize a sealed refrigeration system, the nitrogen tank must be equipped 
witha___. 


A. regulator 

B. float fill sensor 

C. gray body and red top 
D. relief valve 


When filling a cylinder with a graduated charging device, refrigerant that is vented off the top of the 
cylinder__. 


A. need not be recovered 

B. must be recovered 

C. is considered a de minimis release 
D. must be reported to the EPA 


When using recovery cylinders and equipment with Schrader valves, it is critical to__. 
A. set the relief valves properly 
B. back the stem off the seat % turn 
C. clean the valves annually 
D. cap the Schrader valve ports to prevent accidental damage to the valve core 


With high temperatures and contact with metals, R-12 and R-22 can decompose to form __ and 
____ acids. 


A. boric; chromic 

B. sulfuric; phosphoric 

C. hydrochloric; hydrofluoric 

D. methylchloric; sulfuric 
Recovery equipment used during the maintenance, service, or repair of small appliances must 
be certified by an EPA-approved laboratory if manufactured after__. 

A. July 1, 1992 

B. July 1, 1993 

C. May 13, 1993 

D. November 15, 1993 5 
When recovering refrigerant into a nonpressurized container from a refrigerator with an inoperative 
compressor, itis ___. 

A. necessary to recover as much refrigerant as will naturally flow out of the system 

B. not necessary to recover since the refrigerant is probably contaminated 

C. necessary to chase the refrigerant from the oil with pressurized dry nitrogen 

D. necessary to heat and strike the compressor sharply several times while using a vacuum pump 
After recovering refrigerant from a sealed system and using nitrogen to pressurize or blow debris 
out of the system, the nitrogen __. 

A. must be recovered 

B. may be vented if not contaminated 

C. must be recovered into a separate container 

D. can only be used if mixed with ammonia 


If a sealed system with an operating compressor has a completely restricted capillary tube metering 
device, __ side of the system, is/are required to evacuate the refrigerant from the system. 


A. two access valves, one on the high-pressure and one on the low-pressure 
B. only one access valve, on the low-pressure 

C. only one access valve, on the high-pressure 

D. two piercing access valves on the low-pressure 


44. 


45. 


46. 


47. 


48. 


49. 


50. 
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The Department of Transportation Regulations-49 CF R, require thatthe __ be recorded on the 
shipping paper for hazard class 2.2, nonflammable compressed gases. 


A. weight of each cylinder 

B. total cubic feet of each gas 

C. number of cylinders of each gas 
D. total weight of all cylinders 


As of November 14, 1994, the sale of CFC and HCFC refrigerants was ___. 
A. banned 
B. limited by law to equipment owners 
C. allowed only if there is proof of need 
D. restricted to technicians certified in refrigerant recovery 


When servicing a small appliance for leak repair, itis __. 
A. mandatory to repair the leak within 30 days 


B. mandatory to repair the leak only when 35% of the charge escapes within a 12 
month period 


C. not mandatory to repair the leak, but do so whenever possible 
D. mandatory to repair the leak only when 35% of the charge escapes within a 6 month period 


Refrigerant inside a recovery cylinder must be allowed to stabilize to room temperature __. 
A. to prevent safety valves from purging refrigerant 
B. because this is a quick-check method of determining refrigerant level inside the tank 


C. because comparisons to a pressure-temperature chart can only be made if both pressure 
and temperature are stable and known 


D. because the recovery cylinder could explode if temperature changes too quickly 
A full storage cylinder of recovered R-22 at normal room temperature (about 75°F), with no non- 
condensables present, should be pressurized to __ psi. 

A. 130 

B175 

C. 200 

D. 250 


It is generally recommended that piercing-type valves be used on ____ tubing materials. 
A. copper and aluminum 
B. plastics 
C. steel 
D. carbon and stainless steel 


__and____ refrigerants can be mixed. 
A. R-11; R-12 
B. R-12; R-134a 
C. R-12; R-22 
D. R-22; R-115 
To speed up the recovery process and ensure that all refrigerant has been removed from a frost-free 
refrigerator, __. 
A. cool the compressor to force liquid out of the high-pressure side 
B. heat the recovery cylinder to vaporize liquid refrigerant 
C. turn the defrost heater of the system ON to vaporize any trapped liquid 
D. pack ice around the evaporator to ensure maximum liquid is available 
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51. 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


When a technician checks system pressures to determine the performance of a refrigeration 
system, it is good practice to___. 


A. release a small amount of refrigerant to check for contamination 

B. use equipment such as hand valves and self-sealing hoses to minimize any release 
C. recover refrigerant and recharge to specifications, even if no repairs are needed 

D. use recovery equipment to gain access to the system during testing 


Technicians receiving a passing grade on the small appliance-examination are certified to recover 
refrigerant during the maintenance, service, or repair of : 


A. packaged terminal air conditioners (PTACs) with 5 Ib or less of refrigerant 

B. small central air conditioning systems with 10 Ib or less of refrigerant 

C. low-pressure equipment : 

D. motor vehicle air conditioning equipment 
When solderless-type piercing valves are used, the valves must not remain installed on refriger- 
ation systems after completion of repairs because solderless-type piercing valves __. 

A. are too expensive to remain on every product 

B. tend to leak over time 

C. become loose and break the core 

D. create a weak spot in the tubing 
A person recovering refrigerant during maintenance, service, or repair of small appliances must 
be certified as a ___ technician. 

A. Type Il 

B. Type Ill 

C. Type or universal 

D. core 


After installing and opening a piercing access valve, if system pressure is __ psi, do not begin 
the refrigerant recovery procedure. 


A. 0 
B. 30 
C. 50 
D. 75 


The maximum allowable factory charge of refrigerant for type | appliances is ____ Ib. 
A. 3 
B. 5 
C. 10 
D. 15 


Before beginning a refrigerant recovery procedure, a technician must __. 
A. allow the appliance to stabilize to room temperature 
B. know the type of refrigerant that is in the system 
C. remove the appliance to an outdoor location 
D. disconnect the appliance from its power source 


It is permissible to use the passive recovery method for refrigerant recoveryona___. 
A. centrifugal air conditioner 
B. reciprocating liquid chiller 
C. single-compressor, large commercial walk-in freezer 
D. domestic refrigerator 
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59. ____ is a refrigerant that must be recovered with equipment currently regulated by the equipment 
certification requirements of the EPA under Section 608. 


A. Sulfur dioxide 
B. Methyl chloride 
C. Methyl formate 
D. R-12 


60. When used as a refrigerant for small appliances such as campers or recreational vehicles, 
must be recovered with refrigerant-specific approved recovery machines. 


A. sulfur dioxide 

B. methyl chloride 

C. methyl formate and chlorine 
D. ammonia and hydrogen 


61. A(n)___ is not a type | appliance. 
A. MVAC-like system that holds 3 Ib of R-12 
B. water cooler that holds 13 oz of R-12 
C. food freezer that holds 22 oz of R-22 
D. dehumidifier with 7 oz of R-500 


62. Any technician that opens an appliance for maintenance, service, or repair must have at least one 
self-contained recovery machine available at their place of business, except when recovering 
refrigerant passively from appliances. 


A. small 

B. low-pressure 

C. high-pressure 

D. very high-pressure 


63. Checking ___ is a maintenance practice that must be performed on a regular basis. 
A. recovery equipment for vacuum leaks 
Á B. recovery equipment for refrigerant leaks 
C. amperage draw of recovery equipment 
D. vacuum pumps 


64. To charge a small appliance with liquid R-12, the refrigerant cylinder should be __. 
A. inverted 
B. upright 
C. horizontal 
D. manufactured with a dip tube 
65. Whenareclamation facility receivesa container of mixed refrigerants, the reclamation facility will___ the 
refrigerant mixture. 
A. store 
B. separate the refrigerants, then process 
C. charge more for processing 
D. refuse to process 
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Type II (high-pressure equip- 
ment) is larger than small 
appliances, but smaller than 
low-pressure equipment. Pack- 

-aged terminal air conditioning 
units, refrigeration coolers, and 
split-system air conditioners 
are examples of high-pressure | 
equipment. The amount and type 
of refrigerant charge found in- . 
side the equipment require com- 
ponents unique to high-pressure 
systems. 


Refrigeration machines, packaged | 


terminal air conditioning (PTAC) 
units, and split-system air condition- 


ing units (using R-22) are examples | 


of high-pressure equipment typically 


found in the Type II category. Any {5 


equipment that contains over 5 lb 
of refrigerant and is not categorized 


as low-pressure falls into the Type II 
(high-pressure equipment) category. 
The disposal of refrigerants and the 
servicing of high-pressure chillers, com- 
mercial refrigeration units, commercial 
and residential air conditioning, and 
heat pumps require that technicians be 
certified under the high-pressure equip- 
ment (Type II) certification. 


l 


High-pressure equipment uses refrig- 
erants with boiling points between 
-58°F (-50°C) and 50°F (10°C) at 


1] 


Type Ill 


(High-Pressure 
Equipment) 


atmospheric pressure. Refrigerants 
such as R-12, R-22, R-114, R-134a, 
R-500, and R-502 are high-pressure refrig- 
erants. Very high-pressure equipment 
uses refrigerants with boiling points 
below -58°F (-50°C) at atmospheric 
pressure. Refrigerants such as R-13, 
R-410A, and R-503 are very high- 
pressure refrigerants. The easiest way to 
determine the type of refrigerant used 
in a high-pressure system is checking 
the system nameplate. See Figure 11-1. 


L 


The EPA requires that all applianc- 
es containing more than 50 lb of 


refri gerant (except for commercial i 


nana ey as pr ya ne 
industrial process refrigeration must 
be repaired when the leak rate exceeds 
35% of the charge per year. 


ASHRAE Standard 15 requires that all equip- 
ment rooms with refrigerants be equipped 
with an oxygen deprivation sensor. 


> Technical Fact 


Refrigerants that are clas- 
sified as Al refrigerants 
are. considered safe due 
to their low toxicity and 
flammability ratings. 
Examples of Al refriger- 
ants are CFC-1 1, CFC- 
12, and HFC-1 34a. 


> nechme Acr 


The evaporation tempera- 
ture for R-12 is -21°F at 
AA psia, R22 ise4 er 
at 14.7 psia, and R-134a 
=i CNN gaa. 


> lechnical taci 
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Figure 11-1. System name- 
plates provide the technician 
with information such as 
type of refrigerant, type of 
compressor, maximum test 
pressure, and normal charge. 


The EPA considers the 
replacement of any 
high-pressure system ma- 
jor component a major 
repair. 


Technicians must have the 
ability fo interpret pres- 
sure/temperature charts. 
When an R-12 system at 
room temperature {72°F} 
is idle, the system is at 
approximately 74 psi. 
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The only time appliances contain- e 
ing CFC refrigerants are allowed to 
be evacuated only to atmospheric 
pressure is when leaks in the appli- 
ance make evacuation to the pre- 
scribed vacuum levels unattainable. 


Phase-Out of HCFC-22 


HCFCs such as R-22 are being 
phased out according to the follow- 
ing schedule: 

e As of January 1, 2010, a ban was 
placed on the production, import, 
and use of HCFC-22 refrigerant 
except for ongoing servicing needs 
of existing equipment. 


As of January 1, 2020, a ban will 
be placed on the remaining pro- 
duction and import of HCFC-22 
refrigerants. 

After 2020, the servicing of sys- 
tems that use R-22 or blends 
containing HCFC-22 will rely 
on recovered or stockpiled quan- 
tities. It is difficult to predict 
when these supplies will run out. 
Supplies may be available until 


almost all equipment containing 


R-22 or any HCFC is retired. 
However, supplies will be limited 
and costs of HCFC will rise. 


HIGH-PRESSURE SYSTEM 
COMPONENTS 


High-pressure system components 
typically include reciprocating, 
screw, or scroll compressors. High- 
pressure appliance compressors have 
hermetically sealed, semi-hermetic, or 
open housings. Condensers used in 
high-pressure systems can be air-cooled 
or water-cooled. Air-cooled condensers 
are of a tube-and-fin design, while 
water-cooled condensers are of a coil- 
in-shell or tube-in-shell design. 

The metering device typically used 
on high-pressure appliances is a ther- 
mostatic expansion valve. The evapo- 
rator can be dry expansion or flooded. 
The evaporator will be of fin-and-tube, 
coil-in-shell, or tube-in-shell design. 


Pressure relief valves must not be installed 
in series. 
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High-Pressure System Accessories 


High-pressure systems typically include 
filter/dryers, moisture indicators, ther- 
mal expansion valves, receivers, and 
accumulators. See Figure 11-2. When 
a high-pressure refrigeration system 
utilizes a thermal expansion valve, 
the component directly following 
the condenser on the high-pressure 
side of the system is the receiver. The 
refrigerant leaving the receiver of a 
high-pressure refrigeration system is 
in a high-pressure liquid state. When 
a system is opened for service, the fil- 
ter/dryer should be replaced. A mois- 
ture-indicator sight glass is located 
after the receiver and is used for 
checking the moisture content and 
refrigerant charge of a system (ice 
accumulating on a sight glass can be 
removed with an alcohol spray). The 
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component directly following the 
evaporator and close to the compres- 


Figure 11-2. High-pressure 
refrigeration systems typical- 
ly include accessories, such 
as filter/dryers, moisture in- 
dicators, sight glasses, pres- 
sure relief valves, receivers, 
and accumulators to assist 
system operation. 
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Recovery and Recycling Machines 


Recovery and recycling machines have 
the same components as a refrigera- 
tion system. See Figure 11-3. Before 
using a recovery machine to remove 
a charge from a high-pressure system, 
the recovery unit oil level and service 
valve positions must be checked. 
The primary water source for the wa- 
ter-cooled condensing coil of a recovery 
machine is the local municipal water 
supply. The water flow rate to the 
condensing coil of a recovery machine 
must be verified before the recovery 
machine is turned ON. 


All high-pressure systems 
must be protected by a 
relief device. 


> Technical Fact 


RECOVERY MACHINE — 
"COMPONENTS _ 


Recovery and recycling 

equipment manufac- 

tured after November 
15, 1993 must meet the 

following requirements: 

e be tested by an EPA- 
approved third party 

e be equipped with low- 
loss fittings 

* meet vacuum standards 
that are more stringent 
than those prior to 

November 15, 1993 


AIR-COOLED 
CONDENSER 


Figure 11-3. High-pressure 
system recovery and recycling 
machines are made up o 
the same components as a 
refrigeration system. 


EXPANSION 
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Typically, the most common main- 
tenance task that must be performed 
on refrigerant recovery and recycling 
machines is the changing of the oil 
and filters. Special procedures are 
required with recovery and recycling 
machines.that handle more than one 
refrigerant. For example, if a recov- 
ery and recycling machine contains 
R-502 refrigerant from a previous re- 
frigerant recovery and the technician 
must recover refrigerant from a sys- 
tem containing R-22 refrigerant, the 
technician must recover as much of 
the R-502 from the recovery unit as 
possible by evacuation, then change 
cocoa oe and recov- 
er the Re22erefrig 


Technicians must evacuate the recovery unit/ 
receiver before removing a charge from a 
system. 


> technical Fact 


High-Pressure System Refrigerant 
Recovery Precautions 


Technicians must never mix refrigerants 
in any manner when recovering refriger- 
ants into storage containers. Any kind 
of contamination must be avoided at all 
cost. When recovering high-pressure 
refrigerants, the following precautions 
must be observed to protect equip- 
ment from damage: 


e Never recover refrigerant with a 
recovery machine while the system 


coman is g iing ninme- 


pareiishalita a wiet deep 
= vacuums (500 microns) are being 
created because the electric motor 
relies on the flow of refrigerant 
through the compressor for cool- 
ing. As the vacuum is deepened, 


there is less refrigerant remaining 
in the system to cool the compres- 
sor motor. See Figure 11-4. 


Recovery and recycling machines 
that contain R-502 refrigerant and 
that must be used to recover re- 
frigerant from a system with R-22 
refrigerant require the technician 
to recover as much of the R-502 re- 
frigerant from the recovery machine 
as possible, then change filters and 
evacuate the recovery machine. 


Recovered refrigerant may contain 
acids, moisture, and lubricating 
oils. If recovered refrigerant is not 
damaged or contaminated, the 
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refrigerant can be charged back 
into the same system or another 
system under the same ownership 
once system repairs are completed. 


e System-dependent (passive) re- 
frigerant recovery cannot be used 
when a high-pressure appliance 
contains over 15 lb of high-pres- 
sure refrigerant. 


A storage cylinder of R-12 refrigerant at room 
temperature (70°F) has a pressure of 70 psi. 


HCFC refrigerants are 
being replaced with 
HFC refrigerants. When 
servicing a residential 
split system that provides 
comfort air conditioning, 
R-22 refrigerant can be 
expected to exist in the 
system. Newer systems 
will have HFC-407 or 
HFC-410 refrigerants. 


> Technical act 


Motor windings of hermetically sealed 
compressors can overheat when 
deep vacuums (500 microns) are 

. created while system is in operation 


Never recover refrigerant with a 
recovery machine while the 
system compressor is operating | 


LEFT OVER R-502 


REFRIGERANT PSE RIAGIRNT —— 
/ Undamaged 
Nana - recovered refrigerant ` 
Technicians must a <a can be charged back 
recover all the @ Ap into the same system 
refrigerant from a or system under the 
recovery machine same ownership 
(evacuation) before 
recovering a 
different refrigerant 
from another 
system 
System-dependent 
(passive) refrigerant 
recovery cannot be used 
- with appliances 
Recovered refrigerants 2 containing over 15 lb of — 
may contain acids, cegon 
moisture, and ` 
lubricating oils SPX Robinair Carrier Corporation 


PACKAGED TERMINAL 
AIR CONDITIONING UNIT 


MULTIPLE REFRIGERANT 
RECOVERY MACHINE 


Figure 11-4. Special precautions must be followed when recovering refrigerant from a high-pressure system. 
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Replacement of any major 
system component, such 
as an evaporator coil, 
is considered to be a 
major repair under EPA 
regulations. 


SERVICE PRACTICES 


Service practices for high-pressure 
equipment include refrigerant recov- 
ery, evacuation, charging, and system 
leak testing. When performing service 
to a high-pressure system, the techni- 
cian must remember the importance 
of protecting the environment, equip- 
ment, and, most of all, people. 


Pressure decreases in a high-pressure system 
that has a leak, causing the evaporator to 
starve and superheat to increase. Leak test 
high-pressure systems before charging. 


> Technical Fact 


High-Pressure System 

Leak Testing 

Some high-pressure refrigeration 
systems use open-type compressors. 
Open-type compressor high-pressure 
systems that have not been used 
for several months can have a leak- 
ing compressor shaft seal. High- 
pressure systems should be leak test- 
ed prior to charging or recharging 
any refrigerants into the system. See 
Figure 11-5. 

When inspecting a hermetically 
sealed compressor system that is 
known to have a leak, technicians 
should look for traces of refrigerant 
oil. Testing with soap bubbles is a 
typical method used for pinpointing 
refrigerant leaks in high-pressure sys- 
tems. Checking for proper superheat 
is another way to find a leak. A low 
refrigerant charge resulting from 
leaks in the system starves the evap- 
orator of refrigerant, increasing the 
superheat. Excessive superheat can 
be used as an indicator of a leak in a 
high-pressure system. 

The vacuum method of leak de- 
tection is also used on high-pressure 
systems. When creating a deep vacuum 
(500 microns) on a high-pressure re- 
frigeration system with a hermetically 


sealed compressor, the compressor 
motor windings can be damaged if 
the compressor motor is energized. 
Because of the possibility of damage 
to the motor, the compressor of a 
high-pressure system cannot be oper- 
ated during system evacuation. 

Nonpressurized systems can also 
be pressurized to check for leaks. A 
refrigerant trace gas is used with ni- 
trogen to pressurize a high-pressure 
system to locate a leak using leak 
detection devices. When a refrigerant 
trace gas must be used to identify 
a leak, HCFC-22 should be used. A 
refrigerant trace gas is used only when 
the leak detecting method being used 
cannot detect nitrogen. High-pressure 
systems are leak checked with an inert 
gas such as pressurized nitrogen. 


hip Prona System R-134a 
Retrigerant Recovery 


Recovering R-134a refrigerant re- 
quires special precautions. Recover 

equipment recovering R-134a refrig- 
erant must use special hoses, gauges, 
vacuum pumps, oil, and containers 
designed only for R-134a refrigerants. 


s 


High-pressure systems containing CFC 
refrigerants need to be evacuated only to 
atmospheric pressure when leaks in the sys- 
tem make evacuation to the prescribed level 
unattainable. R-134a refrigerant charged 
systems are leak checked with pressurized 
nitrogen. 


> fechnical tact 


Increasing Speed of Refrigerant 
Recovery in a High-Pressure 
System 

There are certain techniques and pro- 
cedures that will decrease recovery time 
for refrigerant from a high-pressure 
system. Technicians want the recov- 
ery to be as quick as possible. When 
there is flow of any kind, the flow 
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rate is always the greatest where the 
pressure or temperature difference is 
the greatest. The refrigerant recovery 
time also decreases when recovering 
liquid refrigerant as opposed to re- 
frigerant vapor. 

e Removing the refrigerant charge 
from a system is accomplished 
more quickly by packing the recov- 
ery container (cylinder) in ice. See 
Figure 11-6. 

e Before transferring refrigerant to 
an empty cylinder, the empty cyl- 
inder must be evacuated. 

e Technicians can save time recover- 
ing refrigerant from a system by re- 
moving as much of the refrigerant 
as possible in the liquid state. After 
the liquid refrigerant has been 


recovered from a high-pressure ` 


appliance, any refrigerant vapor is 
condensed by the recovery machine 
and recovered. 

e Recovering refrigerant from a sys- 
tem in a vapor state minimizes the 
loss of refrigerant oil, even though 
recovering vapor is slower. 


High-Pressure System Refrigerant 
Recovery Techniques 


When recovering high-pressure refrig- 
erant, technicians must remember to 
always recover the refrigerant from 
the lowest point of the system to have 
gravity aid in the recovery. The tech- 
nician must verify that parts of the 
system are isolated (when necessary) 
when recovering refrigerant, and must 
recover the refrigerant that may be left 
in the receiver of the system. 


EPA regulations require 
that all appliances con- 
taining more than 50 Ib 
of refrigerant (except for 
commercial and industrial 
process refrigerant) be 
repaired when the leak 
rate exceeds 15% of the 
charge per year. 


Figure 11-5. Leak testing in a high-pressure system is accomplished by various methods, but soap bubbles are commonly used to 


pinpoint a leak. 
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SIGHT GLASS 


RECOVERY 
MACHINE 


SPX Robinair 


MOISTURE INDICATOR 


Empty refrigerant 

cylinders must be 
_ evacuated before 

receiving refrigera 


EMPTY 
CYLINDER 


Packing the recovery 
container in ice 
increases recovery 
speed 


ATOFINA Chemical Co. 


Figure 11-6. Increasing the speed of refrigerant recovery from a high-pressure system saves a technician time and money. 


A refrigerant monitor is 
required for all refrig- 
erants in a mechanical 
room under ASHRAE 
Standard 15. 


> Technical Fact 


e When a high-pressure air condi- 
tioning system has the air-cooled 
condenser on the roof of the build- 
ing and the evaporator on the first 
floor, the system is considered a 
split system. Refrigerant recovery 
must start at the liquid line (with 
one hose connected to the liquid 
line) where the liquid line enters 
the evaporator, because the liquid 
line is the lowest access point in the 
system. See Figure 11-7. 

e Refrigerant must be removed from 
the outlet of the condenser when 
the condenser is below the receiver 
of the system. 

e Refrigerant cannot be recovered 
without isolating a parallel com- 
pressor system because of an open 
equalization connection. 


e When an operating high-pressure 
system has a receiver or storage tank 


and the system must be opened for 
service, refrigerant must be recov- 
ered from the receiver. 


» 


High-Pressure System Evacuation 


Evacuation is performed to remove 
noncondensables and particles that 
should not be mixed with the re- 
frigerant of a high-pressure system. 
Refrigerant recovery occurs before 
system evacuation. Once repairs are 
completed on a high-pressure system, 
the system is leak tested, then evac- 
uated and charged with refrigerant. 
When a new high-pressure system is 
assembled (built up), planned evac- 
uation of the system to prescribed 
levels is the first service procedure 
performed. See Figure 11-8. Very 
high-pressure appliances are brought 
to 0 psi when the recovery equipment 
manufacture date is either before or 
after November 15, 1993. 
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CONDENSER COIL 
AIR-COOLED ROOFTOP CONDENSER 


Figure 11-7. The procedure used for recovering refrigerant from a high-pressure system depends on which component is the lowest 
component in the system. 


INED HIGH-PRESSURE EQUI | 
. i uean eg! Equine Manuia ed 
| before November 15,1993 | on or after November 15, 1 


HCFC-22 appliance 
normally containing less than 
200 lb of refrigerant 


HCFC-22 appliance 
normally contains 200 Ib or 
more of refrigerant 


Other high-pressure appliance 
normally containing less than 10” Hg 
200 lb of refrigerant 


Other high-pressure appliance Figure 11-8. When a new 
ae cating 200 Ib or high-pressure system is installed, 
evacuation of the system to 

*or isolated component of high-pressure system prescribed levels is the first 
O service procedure performed. 


e After installation of a field-piped split should be in good working order 


system, the system must be evacuated and capable of creating a vacuum 

before any other procedures are of 500 microns. 

performed. See Figure 11-9. e Never energize the compressor of 
e When evacuating a vapor compres- a high-pressure system while the 


sion system, the vacuum pump system is being evacuated. 


Technician Certification 


for Refrigerants 


When evacuating a 


- compression refrigeration 


` system, the vacuum — ` 
pump must be capable of — EA 


microns 
—_ => ma $i 


HERMETICALLY 
SEALED 
COMPRESSOR 


creating a vacuum of 500 


CONDENSER 
Copeland Corporation 


1-PRESSURE SYSTEM REFRIGERANT EV. 


McQuay International 


EXPANSION 
VALVE 


Figure 11-9. When a high-pressure system is installed or repaired, the technician must first evacuate the system before proceeding 
with any other system procedures. 


Deep vacuum is typically 
measured in microns. 


> Technical Fact 


A pressure regulator and 
relief valve must always be 
used when pressurizing a 
system with dry nitrogen. 


e When a deep vacuum in a high- 
pressure system with a hermetically 
sealed compressor has been created 
because of system evacuation, the 
compressor motor windings can be 
damaged if the compressor motor 
is energized. 

e After achieving the required evac- 
uation vacuum on a high-pressure 
appliance, technicians must wait 
a few minutes to see if the system 
pressure rises. Rising system pres- 
sure indicates that there is still 
refrigerant in liquid form in the 
system or that refrigerant is in the 
compressor oil. 


High-Pressure System 
Dehydration 


Dehydration is the removal of mois- 

ture from a high-pressure appliance. 

e Dehydration of a high-pressure 
system is achieved by using a filter/ 
dryer on an operating system, or 
using a vacuum pump to remove 
the moisture when not operating. 


e Dry nitrogen is used to break the 
first vacuum after dehydrating a 
system by using the double evacua- 
tion method. 


Using Nitrogen in High-Pressure 
Systems 


When a new high-pressure system is 
assembled (installed) and is ready for 
leak testing, the first procedure is to 
pressurize the system with nitrogen 


and leak check the system. During 

evacuation of a high-pressure system 

with large amounts of moisture, it 

may be necessary to increase pressure 

in the system with nitrogen to coun- 
 teract any freezing. 


Oil Foaming 

Many semi-hermetic compressors 
are equipped with an oil sight glass, 
which enables technicians to watch 
for foaming oil. Oil foaming occurs 
in the crankcase of a compressor due 
to migration of refrigerant into the 
oil. Oil foaming can contribute to 


compressor failure (burnout). When a 
compressor burns out, an oil sample 
must be taken for analysis. 


High-Pressure System Refrigerant 
Charging 
The vapor method of charging is used 
when charging a system with a small 
amount of refrigerant. Ifa high-pressure 
system is to be charged with a large 
amount of refrigerant, the refrigerant 
is charged as a liquid. Technicians 
must be aware of the possibility of air 
infiltrating the high-pressure system 
or charging machine system, and also 
be aware of the freezing of moisture 
that may be present in the system. 

e Charging of a high-pressure system 
can be accomplished by the liquid 
or vapor refrigerant method. Al- 
ways check system pressures with 
gauges to verify the correct amount 
of charge. See Figure 11-10. 


e Charging liquid refrigerant into a 
high-pressure system must be per- 
formed through the high-pressure 
side of the system. For example, to 
charge a system that has a specified 
charge of 80 lb, a technician must 
charge liquid refrigerant through the 
liquid-line service valve (king valve). 

e A high-pressure system has a risk of 
freezing when the system is under a 
vacuum when refrigerant charging 
begins. The charging of high- 
pressure liquid refrigerant should 
not begin until the refrigerant is 
above 32°F. 


Noncondensables in a high-pressure system 
result in higher discharge pressures from the 
refrigerant charging machine. 


HIGH-PRESSURE 


SYSTEM 


Liquid refrigerant must 
be charged through the 
P A a king 
valve (in liquid line)ina 

_ high-pressure system | 


Liquid or vapor 
refrigerant can be 
charged into a high- 
__ pressure system; use 
~ pressure gauges to 
verify correct amount 
of charge 
Baga 


R-2 CHARGING 
MACHINE 


R-22 REFRIGERANT 
(LIGHT GREEN) 


SCALE 


When a high-pressure 
system is under a vacuum, , 
: the system is susceptible to 
_ freezing; refrigerant vapor — 
- should not be charged until : 
above 32°F 


Yellow Jacket Div., Ritchie Engineering Co., Inc. 
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Recovered refrigerant 
should be safe to charge 
back into a system if not 
contaminated. When 
refrigerant has been 
recovered from an air 
conditioning system and 
held in a reliable cylinder, 
refrigerant can probably 
be charged back into the 
system when the condens- 
er coil is replaced. 


Figure 11-10. Technicians 
must be aware of whether 
the refrigerant being charged 
into a high-pressure system is 
a liquid or vapor, to properly 
charge the refrigerant into the 
correct section of the system. 
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High-Pressure System Service Tips cracked off of the backseat (all ports 


During service, the technician must open) to open the gauge port. 
understand the operation and func- e During service, quick couplers, 
tion of all the valves on a high-pressure self-sealing hoses, low-loss fittings, 


system. Three-way valves have three 
ports and two seats, as two-way valves 
have two ports and one seat. To back- 
seat a valve is to turn the valve in the 
counterclockwise direction to bring 


and hand valves are used to min- 
imize refrigerant releases when 
hoses are connected and discon- 
nected from system and recovery/ 


the valve stem to the front position. charging machines. 
e A suction service valve in the e When a high-pressure system is 
backseated position will have the opened for servicing, the filter/ 


gauge port closed. The valve must be dryer should be replaced. 


Discussion Questions 


1. How is the equipment classified as Type II (high-pressure equipment) defined? 

2. Why is the nameplate on an air conditioning or refrigeration system useful? 

3. How are the components of a high-pressure system different from the components found in small appliances? 

4. How are the accessories found in a high-pressure system different from the accessories found in small appliances? 
5 


. What special procedures are required to recover refrigerant from high-pressure systems with recovery machines that 
work with more than one refrigerant? 


6. How do special precautions protect high-pressure systems and recovery equipment from damage when recovering 
refrigerant from high-pressure systems? 


7. How are high-pressure systems leak tested? 
8. What special equipment is needed when recovering R-134a refrigerant? 


9. What procedures can decrease the time it takes to recover refrigerant from a high-pressure system and minimize the 
loss of compressor oil? 


10. Why are refrigerants recovered from the lowest point in a high-pressure system? 
11. What procedures are used to evacuate high-pressure systems? 

12. How is a high-pressure system dehydrated? 

13. Why must oil foaming be prevented? 

14. How are high-pressure systems charged with refrigerant? 


15. How is a service valve backseated? 


aE e 


__, Access Code: 827160 


¥ 
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REVIEW QUESTIONS 


Name Date 


1. Type II (high-pressure equipment) is categorized by __. 

A. being low volume 

B. having open compressors 

C. having defrost bypasses 

D. containing over 5 Ib of refrigerant 
2. A technician who is servicing a residential split system providing comfort air conditioning would 

expect to find __ refrigerant. 

A. R-11 

B. R-12 

©. R-22 — 

D. R-502 


3. EPA regulations require that leaking commercial and industrial process refrigeration systems be 
repaired when the leak rate exceeds __% of the charge per year. 


A. 0 
i 
C. 25 
D. 35 


4. Appliances containing CFC refrigerants need be evacuated only to atmospheric pressure when 


A. the repair is major 

B. the repair is followed by an evacuation of the appliance to the environment 
C. leaks in the appliance make evacuation to the prescribed level unattainable 
D. the appliance is being disposed of 


5. The component directly following the evaporator of a high-pressure refrigeration system is the 


receiver 
metering device 


Om > 


. accumulator 
D. condenser 


6. The primary water source for a water-cooled condensing coil of a recovery machine is ___. 
A. the facility’s sprinkler system water 
B. the local municipal water supply 
C. acooling tower 
D. an air-cooled chiller 


7. Before recovering refrigerant from a system with R-22 refrigerant, technicians using recovery/ 
recycling machines to recover R-502 refrigerant must ___. 


A. do nothing, as long as the recovery machine is not full 

B. replace the gauges and expansion valve on the recovery machine 
C. change the filter and gauges on the recovery machine 
D. 


recover as much of the R-502 from the recovery machine as possible, change the filter, 
and evacuate the machine 
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10. 


11. 


12. 


13. 


14. 


15. 


When under a deep vacuum, a hermetically sealed compressor of a high-pressure system can 
overheat because the __. 


A. refrigerant oil must be kept warm to avoid oil breakdown 

B. motor windings rely on the flow of refrigerant through the compressor for cooling 

C. rpm of the compressor is increased to compensate for the loss of refrigerant 

D. refrigerant is superheated from the evaporator 
Technicians servicing high-pressure systems must provide special hoses, gauges, vacuum pumps, 
recovery machines, and oil containers designed only for __ refrigerants. 

A. R-12 

B. R-134a 

C. R-502 

D. HCFC-123 


Refrigerant recovery time from a high-pressure system can be decreased by ___. 
A. recovering the refrigerant into an empty recovery container 
B. packing the recovery container in hot charcoals 
C. placing the recovery machine higher than the recovery container 


D. recovering liquid refrigerant then recovering refrigerant vapor 


Refrigerant must be removed from the condenser outlet of a system when the ___. 

A. recovery machine is above the compressor of the system 

B. metering device is a thermostatic expansion valve 

C. condenser is below the receiver of the system 

D. system accumulator is inoperative 
When a high-pressure system has an air-cooled condenser on the roof of the building and the 
evaporator is on the first floor, refrigerant recovery is fromthe __. 

A. liquid line leaving the condenser 

id li i or 

C. suction line leaving the evaporator 

D. suction line entering the compressor 
During evacuation of a system with large amounts of moisture, it may be necessary to increase 
pressure in the system with ____ to counteract freezing. 

A. a trace gas of R-22 

B. nitrogen 

C. asmaller vacuum pump 

D. a brief energizing of the compressor 


To charge 80 Ib or more of refrigerant into the high-pressure side of a system, the refrigerant must 
be charged as a____ through the ____ line service valve. 


B. liquid; suction 
C. vapor; liquid 
D. vapor; suction 


Backseating a suction service valve will close the ___ port(s). 
A. compressor 
B. suction line 
C. gauge - 
D. Schrader valve 


Twenty-five Type if (high- er 
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Name Date 


1. A technician who is servicing a residential split system providing comfort air conditioning would 
expect to find ___ refrigerant. 


A. R-502 
B. R-22 
C. R-11 
D. R-12 


2. When under a deep vacuum, a hermetically sealed refrigeration compressors ___ 
A. oil must be kept warm to avoid oil breakdown 
B. motor insulation improves the dielectric strength of the motor 
C. crankcase heater must be energized 
D. motor windings could be damaged if energized 


3. After installation of a field-piped split system, the unit should first be __ 
A. evacuated 
B. pressurized with R-22 and leak checked 
C. pressurized with R-12 and leak checked 
D. pressurized with nitrogen and leak checked 


4. EPA regulations require that all appliances containing more than 50 Ib of refrigerant (except for 
commercial and industrial process refrigeration) be repaired when the leak rate exceeds __% 
of the charge per year. 


A. 0 
B. 15 
C. 25 
D. 35 
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10. 


11. 


EPA regulations require that leaking commercial and industrial process refrigeration systems be 
repaired when the leak rate exceeds % of the charge per year. 


A. 0 
BTS 
C. 25 
D. 35 


Refrigerant should be removed from the condenser outlet when the ___. 
A. condenser is below the receiver 
B. condenser is on the roof 
C. compressor is inoperative 
D. liquid line is the lowest part 


System-dependent recovery equipment cannot be used when the ___. 

A. compressor of the appliance is operational 

B. ambient temperature is over 105°F 

C. appliance contains over 15 Ib of refrigerant 

D. appliance is leaking 
It is not true of recycling and recovery equipment manufactured after November 15, 1993, that 
the equipment must __. 

A. be tested by an EPA-approved third party 


B. meet vacuum standards more stringent than those met by equipment manufactured before 
November 15, 1993 


C. be equipped with low-loss fittings 
D. be able to handie more than one refrigerant 
Technicians providing service work for systems with R-12, R-502, and R-134a refrigerants must 


provide special hoses, gauges, vacuum pump, recovery machine, and oil containers to be used 
with ____ refrigerant(s). 


A. R-134a 
B. R-502 
C. R-12 and R-134a è 
D. there is no need to take any special precautions since there is little difference between 
the refrigerants 
A technician using a recovery/recycling machine to recover R-502 refrigerant must ___ before 


recovering refrigerant from a system with R-22 refrigerant. 
A. do nothing, as long as the recovery machine is not full 
B. change the expansion valve on the recovery machine 
C. change the filter and expansion valve on the recovery machine 
D. 


recover as much of the R-502 from the recovery machine as possible, change the filter, 
and evacuate 


When a new system has been assembled (built up) and ready for leak testing, the first procedure 
to performisto___. 

A. evacuate the system 

B. pressurize the system with an inert gas and leak check it 

C. pressurize the system with the refrigerant to be used 

D. introduce an initial charge of refrigerant and start the compressor 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 
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As defined by ASHRAE Standard 15, a sensor and alarm are required for A1 refrigerants to sense 


ozone 

CFC contamination 
. oxygen deprivation 
HCFC leaks 


GOD > 


When first inspecting a system with a hermetically sealed compressor when the system is known 
to be leaking, a technician should look for ___. 


A. frost on the tubing 

B. puddles of refrigerant 

C. particles of filter/dryer core 
D. traces of refrigerant oil 


Recovering refrigerant from a system in a vapor state will minimize the loss of __. 
A. water 
B. refrigerant oil 
C. refrigerant 
D. vacuum in the system 


In general, the most common maintenance task that must be performed on most refrigerant recycling 
machines isto___. 


A. check the compressor seals 

B. change the electrical fuses 

C. change the oil and filter 

D. replace the moisture sight glass 


Every high-pressure refrigeration system shall be protected bya ___. 
A. pressure relief device 
B. properly located stop valve 
C. low-pressure control 
D. refrigerant receiver 


Before using a recovery unit to remove a refrigerant charge from a system, the technician must 


A. ensure that the recovery container has a dip tube 
B. add compressor oil to the system 

C. ensure that the system is at atmospheric pressure 
D. evacuate the system and recovery container 


A technician sent out to service a 60-ton packaged rooftop unit can find which type of refrigerant is 
inthe system by__. 


A. looking at the nameplate of the unit 

B. using a service gauge set and a refrigerant card 
C. asking the owner of the system 

D. looking on top of the TXV 


A system with a hermetically sealed compressor has the potential to overheat when recycling or 
recovery equipment is used to draw deep vacuums because ___. 


A. it runs faster than other equipment 

B. the motor relies on the flow of refrigerant through the compressor for cooling 
C. it has a higher compression ratio limit than other equipment 
D. 


the oils used in hermetic compressors burn at lower temperatures than the oils used in 
other equipment 
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20. Noncondensabies in a refrigeration system result in__ operating __ pressures. 
A. lower; suction 
B. higher; suction 
C. lower; discharge 
D. higher; discharge 


21. A reciprocating compressor must not be energized when ___. 
A. the discharge service valve is closed 

the suction service valve is open 

. the discharge service valve is open 

there is a demand for cooling 


909 


22. The primary water source for a recovery machine with a water-cooled condensing coil is __. 
A. acooling tower 
B. achiller 
C. the local municipal water supply 
D. de-ionized water 


23. A moisture-indicating sight glass is useful for__ of a high-pressure system. 
A. identifying the type of refrigerant 
B. checking the refrigerant temperature 
C. providing subcooling 
D. checking the refrigerant charge 


24. When evacuating a mechanical compression system, the vacuum pump must be capable of 
pulling a vacuum of ___. 


A. 1” Hg 

B. 2” Hg 

C. 500 microns 
D. 1000 microns 


25. Appliances containing CFC refrigerants need only be evacuated to atmospheric pressure when __. 
A. the repair is major è 
B. the repair is followed by an evacuation of the appliance to the environment 
C. leaks in the appliance make evacuation to the prescribed level unattainable 
D. the appliance is being disposed of 


26. Replacement ofa(n)____is a repair that would always be considered “major” under EPA regulations. 
A. evaporator coil 
B. filter/dryer 
C. Schrader valve core 
D. condenser fan motor 


27. ___ is an indication of a leak in a high-pressure system. 
A. High head pressure 
B. Low water pressure 
C. Excessive superheat 
D. Frequent purging 
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28. When using recovery and recycling equipment manufactured after November 15, 1993, technicians 


29. 


30. 


31. 


32. 


33. 


34. 


must evacuate an appliance component containing more than 200 Ib of CFC-12 to __ before 
making a major repair. 


A. O0 psig 

B. 4” Hg vacuum 
C. 10” Hg vacuum 
D. 15” Hg vacuum 


When using recovery and recycling equipment manufactured before November 15, 1993, tech- 
nicians must evacuate an appliance containing 10 Ib of CFC-500 to___ before disposing of the 
appliance. 


A. 0 psig 

B. 4” Hg vacuum 
C. 10” Hg vacuum 
D. 15” Hg vacuum 


A technician is changing the compressor of a system containing 40 Ib of R-502 refrigerant. The 
recycling equipment being used was manufactured after November 15, 1993. In addition to iso- 
lating the compressor as much as possible, the technician must ___. 


A. simply remove the compressor 


B. evacuate the isolated section of the system to atmospheric pressure, then remove the 
compressor 


C. evacuate the isolated section of the system to 10” Hg vacuum, hold the vacuum, and 
remove the compressor if system pressure does not rise 


D. evacuate the isolated section of the system to 15” Hg vacuum, hoid the vacuum, and 
remove the compressor if system pressure does not rise 


During service, quick couplers, self-sealing hoses, and hand valves can be used to __. 
A. minimize the chance of explosion during the reclamation of mixed refrigerants 
B. simplify evacuation during recycling 
C. minimize refrigerant release when hoses are connected and disconnected 
D. prevent vapor lock during liquid transfer 


The removal of refrigerant from a system can be conducted more quickly by ___. 
A. using a smaller recovery vessel 
B. packing the recovery vessel in ice 
C. using a standard vacuum pump 
D. heating the recovery vessel 


With an air-cooled condenser on the roof of a building and the evaporator on the first floor, refrig- 
erant recovery must start from the 


A. vapor line entering the condenser 
B. discharge line of the compressor 
C. liquid line entering the evaporator 
D. suction line before the compressor 


Undamaged refrigerant has been recovered from an air conditioning system and stored in a 
reusable cylinder in order to replace the condenser coil. The refrigerant __. 


A. can be charged back into the system 
B. should be replaced with R-123 

C. must be reclaimed 

D. must be destroyed 
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35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


The component directly following the evaporator of a high-pressure refrigeration system is the 


. receiver 
feed device 


Ow > 


. accumulator 
D. condenser 


The state of the refrigerant leaving the receiver of a high-pressure refrigerant system isa. 
A. low-pressure liquid 
B. low-pressure vapor 
C. high-pressure liquid 
D. high-pressure vapor 


According to ASHRAE Standard 15, R-12, R-134a, and R-11 refrigerants require an equipment 
room 


A. fire extinguisher (Halon) 

B. electronic leak detector 

C. recovery machine for each refrigerant 
D. oxygen deprivation sensor 


The evaporation temperature of R-134a at 14.7 psia is __ °F. 
A. -21 
B. -15 
C. -5 
D. -1 


A deep vacuum is usually measured in ___. 
A. psig 
B. psia 
C. inches of mercury absolute 
D. microns 
The refrigerant pressure of a storage cylinder with R-12 refrigerant at room temperature (70°F) is 
approximately ___ psig. ‘ 
A. 70 
B. 85 
C. 212 
D. 300 


After liquid refrigerant has been recovered from an appliance, any remaining refrigerant vapor is 


purged to the atmosphere 

isolated in the appliance 

. pumped into the receiver of the appliance 

D. condensed by the recovery system for removal 


QOD >” 


After achieving the required recovery vacuum on an appliance, technicians must ; 


A. immediately disconnect the recycling or recovery equipment and open the system for 
service 


B. waita few minutes to see if the system pressure rises, indicating that there is still refrigerant 
in a liquid state or in the oil 


C. immediately break the vacuum with nitrogen and open the system for service 
D. immediately pressurize the system with nitrogen and perform a leak test 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 
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The method used to charge a system that has a specified charge of 80 Ib or more is to charge 
the refrigerantas a___ through the __ service valve. 


A. vapor; suction 
B. liquid; discharge 
C. liquid; suction 
D. liquid; liquid-line 
If a system is opened for servicing, the ___ should be replaced. 
A. filter/dryer 
B. thermostat 
C. metering device 
D. crankcase heater 
Oil foaming usually occurs in the ___ area of a high-pressure refrigeration system. 
A. condenser 
B. evaporator 
C. compressor 
D. expansion device 
Pressure relief valves must not be installed __. 
A. in series 
B. in parallel 
C. vertically 
D. horizontally 
Some refrigeration systems use an open compressor. If a system with an open compressor is not 
used for several months, the part of the compressor that is most likely to leak is the __. 
A. suction service valve 
B. compressor shaft seal 
C. oil drain plug 
D. discharge service valve 


Testing with soap bubbles is used __. 

A. to pinpoint refrigerant leaks 

B. only with CFCs 

C. to detect compressor overheating 

D. to verify airflow through heat exchangers 
Technicians save time recovering refrigerant from a high-pressure system by removing as much 
of the refrigerant as possible inthe __ state. 

A. final 

B. initial 

C. liquid 

D. vapor 
In a high-pressure refrigeration system utilizing a thermal expansion valve, the component directly 
following the condenser is the __. 

A. receiver 

B. metering device 

C. accumulator 

D. evaporator 
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51. Backseating a suction service valve will close the ____ port(s). 
A. suction line and compressor 
B. compressor and gauge 
C. compressor 


D. gauge 


52. To remove ice from sight glasses or viewing glasses, use ___. 
A. R-11 refrigerant 
B. an alcohol spray 
C. water 
D. ascrewdriver or scraper 
53. When a refrigerant trace gas becomes absolutely necessary, 
used to identify a leak. 
A. CFC-11 
B. CFC-114 
C. HCFC-22 
D. HCFC-123 


is the refrigerant that should be 


54. In a high-pressure system, to recover liquid refrigerant, a technician must connect one recovery 
machine hose to the ___. 


A. suction line of the compressor 

B. discharge line of the compressor 
C. liquid line 

D. top of the condenser 


55. When an operating high-pressure system has a receiver (storage tank) that requires service, __. 
A. the compressor should be isolated 
B. liquid refrigerant should be recovered last 
C. refrigerant should be recovered in the receiver 
D. a gauge pressure must be achieved by venting 


56. Systems that use R-134a must be leak checked with ___. 
A. trace CFC refrigerants 
B. trace HCFC refrigerants 
C. pressurized nitrogen 
D. compressed air 


57. Acids, moisture, and oils are found in refrigerants. 


A. new 
B. recycled 
C. reclaimed 


D. recovered 


58. An oil sample should be taken when ___. 

A. anew filter has been installed 

B. a system has had a compressor burnout . 
C. the system is not cooling properly 
D. 


recycled refrigerant has been added to the system 


59. 


60. 


61. 


62. 


63. 


64. 


65. 
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The ____is not part of the low-pressure side of a high-pressure system. 
A. evaporator 
B. receiver 
C. suction line 
D. accumulator 
When evacuating a system with large amounts of moisture, it may be necessary to increase 
pressure with a gas such as ____ to counteract freezing. 
A. R-12 
B. R-22 
C. air 
D. nitrogen 
Before transferring refrigerant to an empty storage cylinder, the ___. 
A. refrigerant should be chilled 
B. refrigerant should be mixed 
C. cylinder must be heated 
D. cylinder must be evacuated 
Dry nitrogen must be used to break the first vacuum when dehydrating a system by the double 
evacuation method. However, dry nitrogen __. 
A. often contains contaminants 
B. is expensive 
C. is toxic under pressure 
D. can be dangerous if not used with a pressure regulator 
When R-22 refrigerant is charged into a refrigeration system as a liquid, any moisture in the system 
may freeze if charging is begun from a vacuum level with refrigerant temperature below ____ °F. 
A. 32 
EL WZ 
C. 87 
D. 120 


Moisture is removed from the refrigerant of an operating system by __. 
A. purging the condenser 
B. draining the oil separator 
C. reducing water flow to the condenser 
D. using a filter/dryer 


____ahigh-pressure system must be performed prior to charging any refrigerant into the system. 
A. Leak testing 
B. Dehydrating 
C. Starting the compressor for 
D. Energizing valve actuators for 
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Low-pressure equipment typi- 
cally uses refrigerants such as 
CFC-11 and HCFC-123 that boil 
at a relatively high temperature. 
Leaks on the low-pressure side 
of the system are inward (atmo- 
sphere enters system). Leaks 
on the high-pressure side of the 
system are outward (refrigerant 
escapes system) and can pose 
serious health hazards. 


BARA F 


L 


The largest systems in the air condi- 
tioning and refrigeration industry are 
made up of low-pressure equipment. 
The EPA also refers to low-pressure 
equipment as low-pressure appli- 
ances. The size of the equipment 
and amount of refrigerant, as well as 
the potential danger to equipment, 
people, and the environment, are 
of particular concern to the EPA. 
Low-pressure equipment typically 
operates below atmospheric pressure 
(in a vacuum). 

ASHRAE Guideline 3-1996 states 
that when pressure in a system rises 
from 1 mm Hg to a level above 2.5 
mm Hg during vacuum testing, the 
system must be checked for leaks. 


TAAL DDrCCILIDE DOCODICCDAAITC 


The two most common refrigerants 
used in low-pressure equipment are 


R-11 and R-123. R-11 is a CFC re- 
frigerant that has been in use for 
many years and is being replaced 
by HCFC-123 refrigerant. At the 
present time, HCFC-123 is the only 
suitable replacement for CFC-11 
refrigerant. Both refrigerants have 
similar boiling points and operating 
pressures. CFC-11 boils at 74.9°F at 
0 psi (14.696 psia). HCFC-123 boils 
at 81.7°F at 0 psi (14.696 psia). R-11 
and R-123 refrigerants have relative- 
ly high boiling points compared to 
most refrigerants, which results in 
low system operating pressures. See 
Figure 13-1. Chillers using CFC-11 
and HCFC-123 refrigerants require 
purge units because the systems op- 
erate in a vacuum. 

Because low-pressure equipment 
is very large (with large amounts of 
water), precautions must be taken to 
prevent any type of freeze-up in the 
system. When CFC-11 refrigerant is 
at a pressure of 18.1” Hg vacuum, 
the saturation temperature will be 
about 32°F and the water in the heat 
exchanger would begin to freeze. 
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The pressure corresponding to 32°F 
for HCFC-123 is about 20” Hg vac- 
uum. Technicians must be cautious 
not to allow chillers with R-11 and 
R-123 refrigerants to reach vacuum 
levels that would cause water to begin 
freezing. 

Even though CFC-11 refrigerant 
and HCFC-123 refrigerant are quite 
similar in properties and use, the 
ozone depletion potential (1 and 0.02 
respectively) and global warming po- 
tential (4 and 0.09 respectively) of the 
two refrigerants are very different. 


| OPERATING PRESSUR 
Pose ae Fondue = Condeaer.” 
Presid Pressure 


at 40°F* at 105°Ft_ 


* in in. Hg vacuum 
t in psi 


Figure 13-1. R-11 and R-123 refrigerants have 
relatively high boiling points compared to most 
refrigerants, which results in low system oper- 
ating pressures. 


REGULATORY REQUIREMENTS 


EPA regulations require that all ap- 
pliances containing more than 50 1b 
of refrigerant (except for commercial 
and industrial process refrigeration) 
be repaired when the leak rate exceeds 
15% of the charge per year. EPA regula- 
tions require that leaking commercial 
and industrial process refrigeration 
systems be repaired when the leak rate 
exceeds 35% of the charge per year. 
All equipment in the low-pressure 
(Type III) category typically contains 
over 50 Ib of refrigerant, requiring 
that all low-pressure equipment leaks 
be repaired. 
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Replacement of any major compo- 
nent of a low-pressure appliance such 
as an evaporator coil is considered to 
be a “major” repair under EPA regu- 
lations. See Figure 13-2. Prescribed 
evacuation levels must be met when 
major repairs are performed on 
low-pressure appliances. Low-pressure 
appliances need not be evacuated all 
the way to prescribed levels when the 
repair is “minor” or when leaks in the 
appliance make evacuation to the pre- 
scribed level unattainable. Under EPA 
regulations, controlled hot water can 
be used to pressurize a low-pressure 
system for nonmajor repairs. 


Figure 13-2. Replacement of any major com- 
ponent of à low-pressure appliance such as an 
evaporator coil is considered to be a “major” 
repair, and replacement of a component such 
as a temperature sensor is considered to be a 
Meee n s . 

minor” repair, under EPA regulations. 


LOW-PRESSURE SYSTEM 
COMPONENTS 


All mechanical refrigeration systems 
have four basic components (compres- 
sor, condenser, metering device, and 
evaporator), from the smallest unit to 
the largest system. Large low-pressure 


` systems use orifice plates or float-type 


metering devices. The evaporators used 
in low-pressure systems are flooded- 
type tube-and-shell heat exchang- 
ers. The condensers are water-cooled 
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tube-in-shell heat exchangers. Centrifu- 
gal-type compressors are typically used 
on low-pressure systems. 


Purge Units 


A purge unit is a device that re- 
moves noncondensables (air and 
moisture) from the centrifugal 
system during normal operation 
and returns the recycled refrigerant 
to the system. The primary pur- 
pose of the purge unit on a low- 
pressure chiller with CFC-11 or 
HCFC-123 refrigerant is to remove 
all noncondensables from the system. 
CFC-11 and HCFC-123 refrigerants 
operate in a vacuum (below atmo- 
spheric pressure). 

All low-pressure systems require a 
purge unit because they operate in a 
vacuum (below atmospheric pressure). 
Air and moisture can enter the system 
because part of the system operates in a 
vacuum. Low-pressure chillers typically 
have moisture entering the system by 
air leaks that bring air and moisture 
through gasketed areas or fittings. 
Low-pressure systems with open drive 
compressors are susceptible to leaks 
through the compressor shaft seal. 

Excessive running of a purge sys- 
tem on a low-pressure chiller typically 
indicates a leaking chiller system. The 
continuous collection of moisture 
in the purge unit of a low-pressure 
refrigeration system indicates that the 
condenser or chiller barrel tubes are 
leaking. High head pressure is an indi- 
cation of air in a low-pressure system. 

The suction line of a purge unit 1s 
from the top of the condenser (non- 
condensables accumulate in the con- 
denser), and the discharge of the purge 
unit returns all condensables (refriger- 
ants) to the system at the evaporator. 
See Figure 13-3. Inefficient purge units 
cause refrigerant loss to the atmo- 
sphere when venting. High-efficiency 
purge units are units that discharge a 


low percentage of refrigerant with the 
air when venting. Technicians must 
leak test and repair leaks to chillers with 
CFC-11 or HCFC-123 refrigerants to 
reduce refrigerant loss through low-pres- 
sure chiller purge units. 


Rupture Discs 


In the event of excessive pressure, 
pressure is released from a centrifugal 
chiller safely with a rupture disc. A 
rupture disc is a one time use pressure 
safety device. Low-pressure chillers typ- 
ically use a rupture disc mounted on 
the evaporator housing to protect the 
system from overpressurization. A typi- 
cal low-pressure chiller rupture disc re- 
lieves pressure at 15 psi. The discharge 
from a rupture disc must be piped 
outdoors for venting refrigerant. 


LOW-PRESSURE REFRIGERANT 
RECOVERY AND RECYCLING 


Low-pressure refrigerant recycling and 
recovery equipment manufactured after 
November 15, 1993, must be tested by an 
EPA-approved third party; must meet 
vacuum standards more stringent than 
those met by equipment manufactured 
before November 15, 1993; and must be 
equipped with low-loss fittings. With a 
low-pressure chiller, technicians must 
recover the liquid refrigerant first, and 
then recover the refrigerant vapor. 
During refrigerant vapor removal from 
the low-pressure system, the system wa- 
ter pumps, recovery compressor, and 
recovery condenser water supply must 
all be ON. Ifa technician is recovering 
refrigerant from a chiller suspected of 
having leaking tubes, the technician 
must drain the water from the evapo- 
rator and condenser as a precaution. 


low head pressure is an indication of refrig- 
erant undercharge in a low-pressure system. 


leak testing a low-pressure 
refrigeration system with 
nitrogen in excess of 
10 psi could cause a 
rupture disk to fail. 


 fecnnical rac 
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HIGHEST LEVEL OF 
EVAPORATOR LIQUID 


1” MINIMUM TO BOTTOM 
OF PURGE UNIT 


z 
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SUCTION LINE 

(ENSURE NO LIQUID IS 
TRAPPED IN LINE SLOPED 
TO PURGE UNIT OR 
CONDENSER) 


Carrier Corporation 


EVAPORATOR 


Figure 13-3. The suction line of a purge unit is located at the top of the condenser (noncondensables 
accumulate in the condenser), and the discharge of the unit returns all condensables (refrigerants) 


back into the system at the evaporator. 


LOW-PRESSURE REFRIGERANT 
RECOVERY AND CHARGING 
PROCEDURES 


Technicians using low-pressure refrig- 
erant recovery machines must follow 
standard procedures: 

e A rupture disc on the evaporator of a 
low-pressure chiller relieves at 15 psi. 
See Figure 13-4. 

e The typical setting for the high- 
pressure cutout control on a recovery 
‘unit used for evacuating the refrig- 
erant from a low-pressure chiller is 
10 psi. 

e The local municipal water supply is the 
primary water source for a water-cooled 
recovery unit condensing coil, 

e A typical 350 ton chiller (an aver- 
age-size low-pressure system) with 
CFC-11 refrigerant at 0 psi can have 
100 Ib of refrigerant vapor left in the 


system once all the liquid CFC-11 
refrigerant has been removed. 

e CFC-11 or HCFC-123 system refrig- 
erant recovery starts with liquid 
refrigerant removal. _ 

e After reaching the required re- 
covery vacuum on a low-pressure 
appliance, a technician must wait 
a few minutes to see if the system 
pressure rises, indicating that there 
is still refrigerant in liquid form or 
refrigerant still in the oil. 

e A heater used on a refrigerant con- 
tainer aids in the faster transfer of 
refrigerant vapor to a chiller. 


A vacuum of 29” Hg is equal to 25 mm Hg 
abs, 23,368 microns, and 0.452 psia. 


> Technical Fact 
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After liquid refrigerant removal, a 350 
ton low-pressure chiller with CFC-11 
= refrigerant at 0 psi can have 100 Ib 
_ of refrigerant vapor left in the system — 


_ CFC-11 or HCFC-123 refrigerant 

- recovery from low-pressure 
chillers starts with recovering — -_ 
liquid refrigerant 


_ Low-pressure chiller rupture 
discs relieve pressure at 15 psi 


Technicians must wait a few 
_ minutes after placing a low- 


pressure system inavacuumto (not shown) 
ee if pressure rises (indication of — 
quid refrigerant still present in 
system) 
LOW-PRESSURE 1 Pca 
CENTRIFUGAL CHILLER ie —— high-pressure cutout 


McQuay International 


settings of 10 psi 


e RECOVERY UNIT RECOVERY 
CONTAINER 
REFRIGERANT 


CONTAINER 
HEATING BAND 


PEIG are placed on 
= refrigerant containers to 
decrease the time to charge 


® i 
Mastercool® Inc, _ a low-pressure system 


Recovery units with water-cooled ` 
-condensing coils use local municipal 
“~ CHARGING water for condenser water supply `` 

UNIT —— ae s 


SPX Robinair 
SPX Robinair 


Yellow Jacket Div., 
Ritchie Engineering Co., Inc. 


Figure 13-4. Technicians using low-pressure refrigerant recovery machines must take special precautions when recovering or 
charging low-pressure refrigerants. 


SERVICE PRACTICES 

Leak testing a low-pressure chiller 

can be accomplished with a charged ASHRAE Standard 15 

(pressurized) system or empty system. 

With the system charged or empty, the ASHRAE Standard 15 requires the use of room sensors and alarms to 
pressure on the low-pressure side has to detect refrigerant leaks. Under ASHRAE Standard 15, a room oxygen 
be increased. To evacuate large-volume deprivation sensor and alarm is required. Monitors can be used for 


systems requires more time than to sensing oxygen deprivation or refrigerant. The standard also requires 
that each machinery room shall activate an alarm and mechanical 


ma small-volume systems. Re- ventilation before refrigerant concentrations exceed the threshold limit 
frigerant charged into a low-pressure value (TLV) and the time weighted average (TWA). ASHRAE Standard 
system must always be charged as refrig- 15 applies to all refrigerant safety groups. 


erant vapor first to avoid freeze-ups, 
then as liquid refrigerant to speed up 
the process. 


American Society of Heating, Refrigerating, and Air-Conditioning Engineers 
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Removing Oil 

When removing oil from a low-pressure 
system, the compressor oil should be 
heated to 130°F, because less refriger- 
ant is contained in the oil at the high- 
er temperature. An oil sample should 
be taken if recycled refrigerant has 
been added to a low-pressure system. 


Refrigerant Flammability 


The flammability of a refrigerant depends on the flammability limits and heat 
of combustion measurements. The flammability limits are lower flammability 
limit and upper flammability limit. The lower flammability limit (LFL) is the 
lowest concentration of the refrigerant that will burn in air at given conditions 
of temperature and pressure. The upper flammability limit (UFL) is the highest 
concentration of the refrigerant that will burn in air at a given temperature 
and pressure. 


Heat of combustion is the energy released when a refrigerant is burning. 


Low | Low Pressure | 


LFL-UFL 


Heat of } 
combustion (MJ/kg) 
e fa | O 


Environmental Protection ‘Agency 


Low-Pressure Refrigerant 
Charging 


When charging a low-pressure chiller, 
freeze-up must be avoided. Refriger- 
ant is typically added to a centrifugal 
chiller (machine) through the evapo- 
rator charging valve. When charging 
refrigerant, a technician must charge 
refrigerant vapor first to avoid any 
freeze-up, because liquid refrigerant 
charged into a low-pressure system un- 
der a deep vacuum will boil and lower 
temperatures enough to freeze water 
in the evaporator tubes. See Figure 
13-5. Technicians know when enough 
refrigerant vapor has been charged 


Al refrigerants are con- 
sidered safe in terms of 
toxicity and flammability 
but they require oxygen 
| deprivation sensors. 


> Technical Fact 


into a low-pressure refrigeration 
system by the refrigerant saturation 
temperature increasing to 36°F. Once 
refrigerant vapor is charged, liquid 
refrigerant can then be charged into a 
low-pressure system. When recharging 
a low-pressure refrigeration system 
with CFC-11 refrigerant, 16.9” Hg 
vacuum or less is required in the con- 
denser and evaporator shells before 
charging the chiller with liquid refrig- 
erant. Charging liquid refrigerant into 
a low-pressure refrigeration system 
that has a 29” Hg vacuum will cause 
the system water to begin to freeze. 


Refrigerant oil samples must be taken when 
recycled refrigerant has been added to 
a system. 


> Technical Fact 


Low-Pressure System Leak Testing 


A hydrostatic tube test kit is a set of tools 
used to determine if tubes are leaking 
in the condenser of a chiller. Another 
method to check for refrigerant leaks 
is to place a leak detector probe into 
the water box (with water removed) 
through an open drain valve. To deter- 
mine if a low-pressure system is leak- 
ing, a standing pressure or standing 
vacuum test can be performed. Accord- 
ing to ASHRAE Guideline 3-1990, if 
the pressure in a system rises 2.5” Hg 
to a level above 1” Hg during a standing 
vacuum test, the low-pressure system 
must be checked for leaks. An idle 
low-pressure refrigeration system pres- 
sure should be maintained slightly 
above atmospheric pressure to prevent 
air from entering the system. Low- 
pressure refrigeration systems that are 


-charged can be efficiently leak checked 


by raising system pressure with heat 
using controlled hot water or heating 
blankets. When leak testing empty 
systems, nitrogen is used; typically, 
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a system to prescribed levels, the use 
of a large vacuum pump could cause 
trapped water to freeze. See Fig- 
ure 13-6. During a planned evacua- 
tion of a low-pressure system with large 
amounts of moisture, the system may 
require that pressure be increased with 
a gas, such as nitrogen, to counteract 
any freezing. 


10 psi is the maximum nitrogen test 
pressure allowed during leak testing. 


Low-Pressure System Evacuation 


Water must be circulated through a 
low-pressure chiller during a planned 
system evacuation in order to prevent 
the freezing of water. Technicians 
must be aware that when evacuating 


TECHNICIANS CHARGING LOW-PRESSURE 
REFRIGERANT INTO A LOW-PRESSURE 
CHILLER UNDER A DEEP VACUUM MUST 
CHARGE REFRIGERANT VAPOR INTO THE 
SYSTEM FIRST TO AVOID FREEZE-UPS 


BEFORE CHARGING A LOW-PRESSURE 
SYSTEM WITH LIQUID CFC-11 REFRIGERANT, 
THE CONDENSER AND EVAPORATOR SHELLS 
MUST HAVE 16.9” Hg VACUUM OR LESS 


EVAPORATOR 
CHARGING VALVE 


d 


TECHNICIANS CAN IDENTIFY WHEN 
ENOUGH REFRIGERANT VAPOR HAS 
BEEN CHARGED INTO A SYSTEM BY THE 
INCREASE OF THE REFRIGERANT'S 
SATURATION TEMPERATURE TO 36°F 


LOW-PRESSURE REFRIGERANT IS 
CHARGED INTO A CENTRIFUGAL 
(LOW-PRESSURE) CHILLER THROUGH 
THE EVAPORATOR CHARGING VALVE 


Figure 13-5. Technicians must charge refrigerant vapor into a low-pressure system first, before 
charging any liquid refrigerant, to avoid any system freeze-ups. 


EVAPORATOR 


CHARGING LIQUID REFRIGERANT INTO A 
LOW-PRESSURE SYSTEM THAT IS UNDER A 
VACUUM OF APPROXIMATELY 29” Hg WILL 
CAUSE WATER IN THE SYSTEM TO FREEZE 


Figure 13-6. Technicians must be aware that when evacuating a low-pressure system to prescribed 
levels, the use of a large vacuum pump can cause trapped water to freeze. 


Twenty-nine inches of mer- 
cury vacuum (29” Hg} is 
equivalent to 25 millime- 
ters of mercury absolute 
(25mm Hg abs}. 


> Technical faci 
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Rupture Discs. A rupture disc is a 
nonmechanical pressure-relieving 
device that bursts open to relieve an 
overpressure condition at a predeter- 
mined pressure differential and specif- 
ic temperature. Rupture discs consist 
of a rupture disc and holder assembly. 
Chiller evaporators use rupture 


discs to protect against excessive re- 
frigerant pressures. See Figure 13-7. 
Rupture discs are typically used on 
chillers as emergency relief devices 
or secondary pressure relief devices 
to pressure relief valves for relieving 
pressure to a predetermined safe 
location (recovery container). 
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Figure 13-7. Rupture discs are found on chiller evaporators to protect against excessive refrigerant 


pressures. 
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Purge Units. When low-pressure 
chillers are running, the evaporator 
is in a vacuum. A leak in the refrig- 
erant system allows air to enter the 
system. Air can cause several prob- 
lems in a refrigeration system. Air 
contains oxygen and moisture that 
mix with the refrigerant, creating a 
mildly acidic condition. The acid 
can break down motor windings 
over time and cause the windings to 
short out. The air can also collect in 
the condenser and cause an increase 
in condenser pressure. If enough air 
is present in the condenser, the in- 
creased pressure will shut down the 
chiller because of high head pres- 
sure. Air can be removed from the 


system and problems can be avoided 
by using a purge unit to collect the air 
from the top of the condenser. See 
Figure 13-8. 

A purge unit is a device used to 
maintain a chiller system free of air 
and moisture. A purge unit is a small 
condensing unit that takes a sample 
of the gases from the top of the con- 
denser, compresses the sample using 
a compressor, and sends the sample 
into the condenser (purge drum) of 
the purge unit. If the sample con- 
denses, it is a refrigerant gas and is 
returned to the evaporator. If the 
sample does not condense, the sam- 
ple is “noncondensable” (air) and is 
released to the atmosphere. 
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Figure 13-8. Purge units are 
devices used fo maintain a 
chiller system free of air and 


moisture. 
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sion Questions 


1. How are Type III appliances different from Type I and Type II appliances? 

2. Why is it important that refrigerants such as R-11 and R-123 have high boiling points? 
. Why are freeze-ups possible when servicing low-pressure equipment? 
. Why does the EPA classify certain servicing procedures as “major” and “minor”? 


. Why are purge units required on all low-pressure equipment? 


3 

4 

5 

6. How are purge units connected to a low-pressure system? 

7. What is the function of rupture discs used on low-pressure systems? 

8. What procedures are required to recover refrigerant vapor from a low-pressure system? 
9 


. Why must a technician wait a few minutes after evacuating a low-pressure system before performing any other service 
to the system? 


10. How are service procedures different for low-pressure systems compared to other types of refrigeration systems? 
11. How is refrigerant oil removed from a low-pressure system? 

12. How is the refrigerant charged into a low-pressure system? 

13. Why must technicians pay special attention to the pressures in a low-pressure system when charging refrigerant? 
14. How are low-pressure systems leak tested? 

15. How are low-pressure systems evacuated? 

16. Why can a rupture disc be used as a relief valve? : 


17. How does a chiller purge unit function? 


AlPeResourceseonQuieern ks = 
Access Code: BEF TOO 
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© Type lll (Low-Pressure Equipment) 


REVIEW QUESTIONS 


Name Date 


1. Low-pressure equipment typically operates __. 
A. at pressures of 60 psi or lower 
B. at below freezing temperatures 


(a in a vacuum 


D. with less than 5 Ib of refrigerant 


2. Refrigerant R-11 at 14.7 psia will boil at approximately __°F, 
A. 31 
B. 60.3 


Q 74.9 

. 92 

3. Under EPA regulations, ___ can be used to pressurize a low-pressure system for nonmajor repairs. 
A. controlled hot water 


B. oxygen 
C. compressed air 


nitrogen 


4. A purge unit removes ____ from the refrigerant in a low-pressure chiller. 
A. the freeze point 
B. compressor oil 
C. solids 
© water (moisture) 


e 5. High-efficiency purge units are purge units that __. 
discharge a low percentage of refrigerant with the removed air 
B. draw very little electrical power 
C. discharge much less air than other units 
D. are manufactured for a specific chiller 


6. A typical low-pressure chiller rupture disc relieves pressure at ____ psi. 
A. 10 


15 
C. 30 
D. 60 


7. When recovering refrigerant vapor from a low-pressure system, the ___. 
A. chiller water pump must be OFF 
B. purge unit suction line must be from the bottom of the condenser 
C. low-pressure system’s rupture disk be repiaced 
. recovery machine condenser water supply must be ON 


8. A___ used with a refrigerant container aids in the transfer of refrigerant vapor to a chiller. 
A. high-pressure charging machine 
B. large vacuum pump 
© heater 
D. bucket of ice 
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9. In an average 350 ton low-pressure chiller with CFC-11 refrigerant at O psi pressure, ____ |b of 
refrigerant vapor may be left once all the CFC-11 liquid refrigerant has been recovered. 


A. 15 
B. 60 


(C) 100 


D. 500 


10. To charge refrigerant into a low-pressure system, always charge ____ first, then charge ___ to avoid 
freeze-ups. 


A. /refrigerant vapor; liquid refrigerant 
. liquid refrigerant; refrigerant vapor 

C. nitrogen; trace gas 

D. trace gas; nitrogen 


11. Excessive running of a purge system on a low-pressure chiller typically indicates __. 
A. blocked condenser tubes 
B. condensables in the system 
C. an undercharge of refrigerant 
a leaking chiller system 


12. To remove refrigerant oil from a low-pressure system, the compressor oil should be heated to 
___°F, because less refrigerant contaminates the oil at the higher temperature. 


A. 85 
C. 180 
De2t2 


13. When charging a low-pressure refrigeration system with CFC-11 refrigerant, ___ is required in 
the condenser and evaporator shells before charging the chiller with liquid refrigerant. 


A. 14.7 psia 
. Opsi 
16.9” Hg vacuum or less 
. 29.0” Hg vacuum or more 


b 


14. An idle low-pressure refrigeration system pressure should be maintained ___ to prevent air from 
entering the system. 


A. below 16.9” Hg 
B. slightly below 29.1” Hg 


© slightly above 0 psi 
. above 30 psi 
15. During evacuation of a low-pressure system with a large amount of moisture, the system may require that 
pressure be ___ with ___ to counteract any freezing. 
increased; nitrogen 
. increased; refrigerant 


C. decreased; a vacuum pump 
D. decreased; a recovery machine 


Twenty-five Type Ill (low- 
pressure equipment) questions 
are found on a typical Type Ili 
certification test. The information 
covered by the Type Ill questions 
includes refrigeration principles, 
safety, refrigerants, regulatory re- 
quirements, equipment disposal, 
and service practices. 


emanano amean aenaran 


Name 


Type Ill 


[Low-Pressure 
_ Equipment) Certification 
} Test Questions 


+ 


Date 


1. A rupture disc mounted on a low-pressure refrigerant recovery container relieves at psi. 


A. 0 
B75 
C. 15 
D. 20 


2. A rupture disc mounted on a centrifugal chiller is connected to the ____ of the chiller. 


A. condenser 
B. evaporator 
C. liquid line 

D. economizer 


____is a safety precaution that must be adhered to for low-pressure systems. 


A. Charging refrigerant as a liquid first into a low-pressure system to avoid freeze-ups 
B. Placing a refrigerant container in ice before charging 

C. Leak testing chillers with nitrogen at 15 psi or greater 

D. Preventing liquid refrigerant from contacting the skin 


4. EPA regulations require that all low-pressure appliances containing more than 50 Ib of refrig- 
erant (except for commercial and industrial process refrigeration) be repaired when the leak 
rate exceeds__—% of the charge per year. 


A. 0 
B. 15 
C. 25 
D. 35 
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5. A heater used on a refrigerant container speeds up the transfer of ___ to the chiller. 
A. liquid refrigerant 
B. refrigerant vapor 
C. lubricating oil 
D. oil/liquid mixtures 


6. Water must be circulated through a chiller during system evacuation in order to___. 
A. speed up the recovery process À 
B. prevent the loss of refrigerant to the atmosphere 
C. prevent the freezing of water 
D. maintain a constant refrigerant pressure 


7. After recovering the liquid refrigerant from a low-pressure chiller, a technician must ___. 
A. recover the refrigerant vapor 
B. pressurize the system with nitrogen 
C. remove the oil from the system 
D. solvent-flush the entire system 


8. On a centrifugal chiller, the purge unit suction line comes from the __. 
A. top of the condenser 
B. compressor oil sump 
C. top of the evaporator 
D. suction line of the compressor 


9. To reduce refrigerant loss from a purge unit on a CFC-11 chiller, technicians must ___. 
A. seal the purge-unit discharge 
B. leak test and repair leaks on the chiller 
C. pipe the purge unit back into the low-pressure side 
D. pipe the purge unit into the recovery container 
10. ASHRAE Standard 15 requires that each machinery room ____ before refrigerant concentrations 
exceed the threshold limit value (TLV) and the weighted average (TWA). 
A. have redundant oxygen deprivation sensors that activate 
B. have emergency lighting that energizes > 
C. activate self-locking doors that lock 
D. activate an alarm and mechanical ventilation 


11. On low-pressure chillers, moisture most frequently enters the refrigeration system through ___. 
A. air leaks in the rupture disc assembly 
B. tube leaks 
C. air leaks from gasketed areas or fittings 
D. air leaks from the charging valve 
12. When leak testing a low-pressure centrifugal chiller with nitrogen, the maximum test pressure is 
_ Sissi: 
A. 0 
B. 10 
C. 25 
D. 50 


13. Refrigerant R-11 at a pressure of 18.1” Hg vacuum has a saturation temperature of about ___°F-. 
A. 28 

B32 

C T36 

D. 40 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 
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It is not true of low-pressure recycling and recovery equipment manufactured after November 15, 
1993, that the equipment must ___. 


A. be tested by an EPA-approved third party 


B. meet vacuum standards more stringent than those met by equipment manufactured before 
November 15, 1993 


C. be equipped with low-loss fittings 
D. be able to handle more than one refrigerant 


Low-pressure appliances can be pressurized to atmospheric pressure when ___. 
A. the repair is major 
B. the repair is followed by an evacuation of the appliance to the environment 
C. leaks in the appliance make evacuation to the prescribed level unattainable 
D. the appliance is being disposed of 


After reaching the required recovery vacuum on a low-pressure appliance, technicians must ___. 


A. immediately disconnect the recycling or recovery equipment and open the system for 
service 


B. wait a few minutes to see if system pressure rises, indicating that there is still refrigerant 
in liquid form or in the oil 


C. immediately break the vacuum with nitrogen and open the system for service 
D. immediately pressurize the system with nitrogen and perform a leak check 


A hydrostatic tube test kit can be usedto__. 
A. determine if a tube leaks 
B. blow all water out of condenser tubes 
C. remove water from a low-pressure chiller 
D. vent refrigerant to the atmosphere 


Replacement of a(n) ___ would always be considered a “major” repair under EPA regulations. 
A. metering device 
B. filter/dryer 
C. limit switch 
D. evaporator fan motor 


MV 


When recharging a refrigeration system with R-11, a vapor pressure of ” Hg vacuum or less 


is necessary in the shells before charging with liquid refrigerant. 
A. 8.1 

B. 16.9 

C. 19.7 

D21 


R-11 or R-123 system refrigerant recovery starts with ___. 
A. refrigerant vapor removal 
B. liquid refrigerant removal 
C. liquid refrigerant and refrigerant vapor removal 
D. oil separation 


Charging refrigerant liquid into a refrigeration system that has a 29” Hg vacuum can cause the 


refrigerant to absorb excess moisture 
purge unit to operate 
system water to freeze 


90D > 


lubricating oil to freeze 
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22. Atechnician knows when to stop charging refrigerant vapor into a system and start charging liquid 
into a system by a(n) __. 


A. increase in the refrigerant saturation temperature to 36°F 
B. drop in the recovery unit liquid level 
C. charge of refrigerant vapor for 15 min 


D. drop in recovery machine pressure 


23. Under EPA regulations, __ can be used to pressurize a system for a nonmajor repair. 
A. nitrogen 
B. controlled hot water 
C. compressed air 
D. carbon dioxide 


24. Refrigerant R-11 at 14.7 psia will boil at approximately __°F. 
A. 60.3 
B. 74.9 
C. 80.2 
D. 100 
25. The primary purpose of a purge unit on a CFC-11 chiller is to___. 
A. remove CFCs from the system 
B. keep lubricating oil flowing through the chiller 
C. condense water out of the system 
D. remove noncondensables from the system 
26. Whenusing recovery or recycling equipment manufactured before November 15, 1993, technicians 
must evacuate low-pressure appliances to a level of ___ before making a major repair. 
A. O psi 
B. 15” Hg vacuum 
C. 25” Hg vacuum 
D. 29” Hg vacuum ` 


27. The purge unit of a centrifugal chiller__. 
A. maintains chiller pressure above 15 psi 
B. works best to remove compressor oil when the oil’s temperature is below 130°F 
C. returns refrigerant to the suction line of the compressor 
D. has its suction line coming from the top of the chiller condenser 
28. A leak detector probe used to check for refrigerant leaks in the water box should be placed __ 
once the water is removed. 
A. at the rupture disc 
B. through the vent valve 
C. through the test plug opening 
D. through an open drain valve 
29. According to ASHRAE guideline 3-1990, if the pressure in a system rises from 1 mm Hg to a level 
above ___ mm Hg during a standing vacuum test, the system should be checked for leaks. 
ATIS 
B. 2.0 
c25 
D. 3.0 
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30. During refrigerant vapor removal from a low-pressure refrigeration system, the system water 
pumps ___. 


A. must be on and the recovery machine compressor must be off 


B. must be on, the recovery machine compressor must be on, and the recovery condenser 
water must be off 


C. must be on, the recovery machine compressor must be on, and the recovery condenser 
water supply must be on 


D. must be off and the recovery compressor must be on 


31. Low-pressure equipment typically operates __. 
A. at pressures of 60 psi or lower 
B. at below freezing temperatures 
C. ina vacuum 
D. without any water being needed 


32. As defined by ASHRAE Standard 15, a sensor and alarm are required for A1 refrigerants to sense 


ozone 
CFC contamination 


On > 


. oxygen deprivation 
D. HCFC leaks 


33. Refrigerant is added to a centrifugal chiller through the ___ valve. 
A. float 
B. compressor service 
C. condenser charging 
D. evaporator charging 

34. When evacuating the refrigerant from a low-pressure chiller, the high-pressure cutout of the 

recovery machine is set for___ psi. 
j A. 2 

B25 
C. 10 
D. 15 


35. Chillers using CFC-11 and HCFC-123 require purge units because the ___. 
A. purge unit removes dirt 
B. chiller system operates below atmospheric pressure 
C. purge unit removes refrigerant from the oil sump 
D. purge unit removes CFCs from the chiller 
36. A device that removes air from the refrigerant of a centrifugal chiller refrigeration system during 
normal operation is calleda__. 
A. pump-out 
B. purge unit 
C. ventilator 
D. filter/dryer 
37. After system servicing, refrigerant vapor is reintroduced to the chiller refrigeration system before 
liquid refrigerant because __. 
A. vapor charging increases pressure slowly, preventing failure of the rupture disc 
B. vapor charging is faster than liquid charging 
C. liquid charging is more difficult to control than vapor charging 
D. liquid refrigerant charged into a deep vacuum will boil and lower temperatures enough to 


freeze water in the chiller tubes 
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38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


When using recovery and recycling equipment manufactured after November 15, 1993, technicians 
must evacuate low-pressure appliances to a level of ___ before disposing of the appliance. 


A. O psi 

B. 15” Hg vacuum 
C. 25” Hg vacuum 
D. 29” Hg vacuum 


R-123 falls under the ___ code group of ASHRAE Standard 34. 
A. At 
B. A2 
C. B1 
D. B2 
When removing oil from a low-pressure system, the compressor oil should be heated to 130°F 
because __. 
A. you can warm your hands on the container 
B. less refrigerant will be contained in the oil at the higher temperature 
C. warmer oil has a lower viscosity and flows more easily 
D. it shows that the heater is working 


Charged low-pressure refrigeration systems may be most efficiently leak checked by __. 

A. adding dry nitrogen 

B. adding HCFC-22 

C. operating the purge system 

D. raising system pressure by heating with circulating hot water or a heating blanket 
EPA regulations require that leaking commercial and industrial process refrigeration systems be 
repaired when the leak rate exceeds __% of the charge per year. 

A. 0 

Baio 

C.25 

D. 35 


The pressure corresponding to 32°F for R-123 is 
A. 11 
B. 17 
C. 20 
D. 23 


” Hg vacuum. 


Leak testing a low-pressure chiller with nitrogen in excess of 10 psi could cause the ____ to fail. 
A. condenser tubes 
B. purge unit shells 
C. evaporator tubes 
D. rupture disc 
In an average 350 ton chiller with R-11 refrigerant at 0 psi pressure, ___ Ib of refrigerant vapor may 
be left once all the R-11 liquid has been removed. 
A. 20 
B. 100 
C. 500 
D. 1000 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 
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Low-pressure appliances need not be evacuated all the way to the prescribed level when ___. 
A. the repair is major 
B. the repair is followed by an evacuation of the appliance to the environment 
C. leaks in the appliance make evacuation to the prescribed level unattainable 
D. the appliance is being disposed of 


An oil sample should be taken when __. 

A. anew filter/dryer has been installed 

B. the low-pressure system has had a compressor burnout 

C. the low-pressure system is not cooling properly 

D. recycled refrigerant has been added to the low-pressure system 
During evacuation of a low-pressure system with large amounts of moisture, it may be necessary 
to increase pressure with ___ to counteract freezing. 

A. R-12 

B. R-22 

C. air 

D. nitrogen 


The discharge from a rupture disc on a low-pressure chiller must be piped __ for venting. 
A. outdoors 
B. inside the machinery room 
C. to the evaporator 
D. to the duct system 
Continuous excessive moisture collecting in the purge unit of a low-pressure refrigeration system 
indicates thatthe __. 
A. system was charged with contaminated refrigerant 
B. condenser or chiller-barrel tubes are leaking 
C. purge unit is not operating properly 
D. purge adjustment is not set properly 


To prevent air accumulation into an idle low-pressure refrigeration system, __. 

A. leave the purge unit on line at all times 

B. system pressure should be maintained slightly above atmospheric pressure 

C. open the air vents on the condenser 

D. intermittently operate the system with no load 
ASHRAE Standard 15-1994 requires that each machinery room shall activate an alarm and 
mechanical ventilation before refrigerant concentrations exceed the __. 

A. TLV-TWA (threshold limit value-time weighted average) 

B. UTL (upper threshold limit) 

C. COP (coefficient of performance) 

D. EEL (emergency exposure limit) 
The ____ is/are particularly susceptible to leaks in low-pressure refrigeration systems with open drive 
compressors. 

A. chiller tubes 

B. shaft seal 

C. charging connections 

D. 


shaft bearings 
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54. ____ refrigerants are considered safe in terms of toxicity and flammability, but they require oxygen 
deprivation sensors. 


A. Al 
B. A3 
C."61 
D. B3 


55. ASHRAE Standard 15-1994 requires equipment room refrigerant sensors for the ___ safety group 
classification. 


A. At 
B. B2 
C. A2 
D. all refrigerant safety groups 


56. Excessive running of the purge unit on a low-pressure chiller generally indicates the __. 
A. air sensors are faulty 
B. chiller system is leaking 
C. ambient temperature is too low 
D. efficiency of the purge unit is too low 


57. Air in a low-pressure system is indicated by ___. 
A. high head pressure 
B. high liquid level 
C. low head pressure 
D. low suction pressure 


58. Prior to recovering refrigerant from a chiller suspected of having leaking tubes, __. 
A. drain the water of the evaporator and condenser 
B. run the circulating pumps 
C. be certain the purge unit is operating 
D. open the condenser vents 


59. ____ does not fall under the EPA definition of “major maintenance, service, or repair.” 

A. Replacing an oil filter 

B. Replacing the compressor 

C. Re-tubing a heat exchanger (condenser) 

D. Replacing a fin-and-tube forced air evaporator coil 
60. Under EPA regulations, __ can be circulated through to an R-11 or R-123 system for the purpose 

of opening the system for a nonmajor repair. 

A. oxygen 

B. hot water 

C. compressed air 

D. carbon dioxide 


61. Pressure relief valves must not be installed r 


A. in series 
B. in parallel 
C. vertically 


D. horizontally 


62. To remove ice from sight or viewing glasses, _— should be used. 
A. R-11 refrigerant 
B. an alcohol spray 
C. water 
D. a screw driver 


Canadian technicians who leak 
test, recover, evacuate, and 
charge systems must follow 
regulations and use service 
practices as dictated by the En- 
_ vironmental Code of Practice for 
the Elimination of Fluorocarbon 
Refrigerants from Refrigeration 
and Air Conditioning Systems 
published by Environment Can- 
ada. Provinces and territories 
typically refer to the local au- 
thority as either the Department 
of the Environment or Ministry 
of the Environment. There are 
proposed refrigerant regula- 
tions, to be voted on in Canada, 
that would be placed under 
federal jurisdiction if approved. 


Installation and service on equipment 
located in federally regulated lands 
must be performed in accordance 
with Environment Canada’s federal 
halocarbon regulations. Individual 
provinces and territories may have 
their own halocarbon refrigerant 
handling guidelines. Technicians and 
anyone responsible for the handling 
of refrigerants and/or management 
of refrigerant-containing equipment 
are responsible for abiding by both 
federal and provincial/territorial reg- 
ulations of where the work is being 
performed or where the equipment 
is located. It is the responsibility of 
the owner of the equipment and the 
technician to determine the appropri- 
ate jurisdiction and corresponding 
regulations. 

As a result of the Labour Mobility 
Act, an environmental awareness card 


{Canadian Regulations 


for Refrigerants 


is valid province to province (territo- 
ry), provided the individual has met 
the requirements of the regional direc- 
tor. The requirements of the specific 
province or territory must be veri- 
fied prior to working on equipment 
within the region. The regulations 
are used to reduce the emissions of 
ozone-depleting and global warming 
substances into the environment. 


DISCHARGE PROHIBITION 


A Class I ozone-depleting substance 
or any material that contains a Class 
I ozone-depleting substance shall not 
be permitted to be discharged into 
the natural environment or environ- 
ment within a building. As of January 
1, 2015, equipment using a Class 1 
ozone-depleting substance and that 
has a refrigeration capacity of greater 
than 19 kW = 5.4 tons = 64,828 Btu/ 
hr = 25 hp is no longer permitted 
to operate on or in properties under 
federal jurisdiction. 

Companies and technicians are not 
allowed to make, use, sell, transfer, 
display, transport, store, or dispose of 
a Class I ozone-depleting substances 
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Newfoundland and 
Labrador: 

Regional Director 
1-800-353-9089 
Environmental Enforce- 
ment Division 
Environment Canada 
16th Floor, Queen Square 
45 Alderney Drive 
Dartmouth NS B2Y 2N6 
Fax: 902-426-7924 
Email: 
FHR2003@ec.gc.ca 


Prince Edward Island, 
Nova Scotia, and New 
Brunswick: 

Regional Director 
1-800-565-1633 
Environmental Enforcement 
Division 

Environment Canada 
16th Floor, Queen Square 
45 Alderney Drive 
Dartmouth NS B2Y 2N6 
Fax: 902-426-7924 
Email: 
FHR2003@ec.gc.ca 


> fechnical tact 


Quebec 
Regional Director 
Environmental Enforce- 
ment Division 
1-866-283-2333 
Environment Canada 
105 McGill Street 

(3rd Floor} 

Montreal QC H2Y 2E7 
Fax: 514-496-2087 
Email: InstalFed.Dale- 
RQ@ec.gc.ca 


or any equipment that contains a 
Class I ozone-depleting substance. 
Also, a company or technician 1s not 
allowed to make, sell, or transfer any 
packaging, wrapping, or container 
that is made in a manner that uses a 
Class I ozone-depleting substance. See 
Figure 15-1. 


Discharge of Refrigerants 


A Class II ozone-depleting substance 
or halocarbon shall not be permitted 
to be discharged into the natural 
environment or the environment 
within a building. In the event that 
100 kg (220 Ib) or greater of a Class 


II ozone-depleting substance is dis- 
charged into the natural environment 
or within a building, the technician 
and the owner of the equipment must 
notify the Regional Ministry of the 
Environment as soon as reasonably 
possible after the discharge occurs. 
See Figure 15-2. 

Ontario—Regional Director 
1-800-268-6060 

Environmental Enforcement Division 
Environment Canada 

845 Harrington Court 

Burlington ON L7N 3P3 

Fax: 905-333-3952 

Email: FHR.Ontario@ec.gc.ca 


GROUP 1 


CFC-115 _Chloropentafluoroethane 


ERI? Dichlorodifuorometiane | 1000 | ccm, | 10 _| 
| €FC-113Tichlorowifuoroetane | sso | CLF, | os | «000 
io <r 


| 4600 | 
10,600 


ODP 


GROUP 2 


Halon 1211 Bromochlorodifluomethane CF,BrCl 1300 
Halon 1301 Bromotrifluoromethane ,CF,BrCl | 100 | 6900 | 


Halon 2402 1, 2-dibromotetrafluoroethane | =~ | CFB, | 6o | - | 


* years in atmosphere 
t ozone depletion potential 
t global warming potential 


Figure 15-1. Class | ozone-depleting substances are materials that contain chlorine, fluorine, 
bromine, carbon, and hydrogen in varying proportions and are often described as halocarbons. 
They are the most threatening substances to the ozone layer. 


Chemical Name 


HCFC-31 Monochlorofiuoromethane 
HCFC-225ca Dichloropentafluoropropane 


* years in atmosphere 
t ozone depletion potential 
+ global warming potential 


CLASS Il OZONE-DEPLETING SUBSTANCES 


HCFC-21 Dichlorofluoromethane CHFCI y i 
HCFC-22 Bromotrifluoromethane CHF,Cl 0.055 1780 


7 
C,HF,Cl, 0.025 


OD 


1 
1 


Figure 15-2. Class Il ozone-depleting substances are materials known or reasonably expected to have 
harmful effects on the ozone layer and are often described as hydrochlorofluorocarbons (HCFCs). 


Purge on Low-Pressure Chillers. De- 
spite the prohibition on discharges, a 
technician may use or permit the use 
of a low-pressure chiller that discharges 
refrigerant. Today, through the use of 
high-efficiency purge units, chillers 
discharge no more than 0.1 kg of re- 
frigerant per kilogram of air purged. 
See Figure 15-3. Due to the expense 
of regulated refrigerants, it would 
benefit a facility with low-pressure 
equipment (chillers) to invest in a 
high-efficiency purge unit to mini- 
mize any refrigerant released. 


1 kg OF 


1 ms 


0.1 kg OF 
REFRIGERANT/kg 
* OF AIR PURGED 


Figure 15-3. Purge units of the past discharged 
more refrigerant. than air from systems. Today, 
purge units discharge about 0.1 kg of refriger- 
ant for every kilogram of air purged. 


Servicing and Testing 
Refrigeration Equipment 

A technician may not service or test 
refrigeration equipment that contains 
refrigerant unless the technician is 
certified to handle refrigerants and 
the technician or the employer owns 
equipment that is capable of col- 
lecting and capturing refrigerant. In 
some cases, the employer may have a 
written contract with a company that 
owns equipment that is capable of 
collecting and capturing refrigerant. 
The contract must provide for access 
to the equipment whenever needed. 
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Ozone-Depleting Substance Highlights 
Fines upon convection for a technician releasing a Class | or Class Il 
ozone-depleting substance or halocarbon into the natural environment 
or into the environment of a building may range from $5000 per day to 
$4,000,000 per day. 
Refrigerants subject to this regulation include Class | and Class Il ozone- 
depleting substances and halocarbons. 
No one is allowed to discharge Class | or Class Il ozone-depleting sub- 
stances or halocarbons into the natural environment or into the environ- 
ment of a building. Once a customer has been notified that a system is 
leaking, the customer must have the equipment repaired or the refrigerant 
recovered / isolated. 
Refrigerant losses of 100 kg or greater must be reported immediately 
-to the Ministry of the Environment by the person responsible for the dis- 
charge (the customer when loss occurred before the technician arrived 
on site or the technician when the leak was caused by the work the 
technician was performing). 
Only ozone-depletion-potential- (ODP-} certified technicians that include 
313A or 313D apprentice or C of Q or registered apprentice may ser- 
vice or test refrigerantcontaining equipment. 
A refrigerant leak notice must include the technicians name, test date, ODP 
certificate number, expiration date, employer name and address, leak test 
results, and a statement that no refrigerant is to be added until the leak is 
repaired. A leak test tag cannot be removed unless it is being replaced 
with a new notice. 
All containers and systems that are being decommissioned must have 
notices on them stating that there is no refrigerant remaining along with a 
date, name, ODP card number/expiration date, and employer name. 
Recyclable/refillable containers may not go to a dump or landfilling site, 
and the containers must be tested every five (5) years. 
Only ODP-certified technicians may transfer refrigerant to and from containers / 
equipment. 
Outofprovince ODP cards are valid, providing the certificate holder satis- 
fies the requirements of Certification in Use of Refrigerants and Refrigeration 
Systems. 
ODP certificates must be renewed every five (5) years. After failure to 
renew, certification requires the taking of a full-day course and successful 
completion of an exam. 


Technicians must not use refrig- 


erants to fill or refill refrigeration 
systems for the purpose of testing the 
systems. Technicians who test refrigera- 
tion systems that contain refrigerant to 
determine whether there is a leak in the 
equipment will conduct the test in ac- 
cordance with the Environmental Code 
of Practice for Elimination of Fluorocarbon 
Emissions from Refrigeration and Air 
Conditioning Systems. See Figure 15-4. 
When a technician tests refrigeration 
systems, the technician must give the 
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Manitoba, Saskatche- 
wan, Alberta, 
Northwest Territories, 
and Nunavut 

Regional Director 
1-800-667-7525 
1-800-222-6514 
Environmental Enforce- 
ment Division 
Environment Canada 
Twin Atria Building 
4999-98th Avenue NW. 
Room 200 

Edmonton AB T6B 2X3 
Fax: 780-495-245 | 
Email: 
FHR2003,EED-PNR@ 
ec.gc.ca 


b Technical Fact 


British Columbia and 
Yukon 

Regional Director 
1-800-663-3456 
867-667-7244 
Environmental Enforce- 
ment Division 
Environment Canada 
201-401 Burrard Street 
(4th Floor) 

Vancouver BC V6C 3S5 
Email: 
FHR.PYR@ec.gc.ca 


owner of the refrigeration equipment 
the test results. When the refrigeration 
equipment is part of the process of 
manufacturing a product containing a 
refrigeration system, special servicing 
and testing procedures apply. 


RECORDS AND NOTICES 


Technicians servicing and testing re- 
frigeration equipment must promptly 
create records containing the follow- 
ing information: 

e amounts and types of refrigerants 
purchased or obtained for the pur- 
pose of servicing or testing refrigera- 
tion equipment 

e name of the refrigerant seller or 
supplier 

e amount of any refrigerant discharge 
and an explanation for the discharge, 
regardless of whether the discharge 


occurred in the course of servicing 
or testing the equipment 

e date of the service and testing, name 
of the technician performing the 
service or testing, and, if applicable, 
name of the technician’s employer 

e description of the service or testing 
being performed including the 
amount and type of refrigerant 
used, and types of refrigerant recap- 
tured in the course of servicing and 
testing the equipment 


Types of Refrigerants 


Refrigerants are to be described us- 
ing one of the terms for the specific 
ozone-depleting substance or halocar- 
bon that the refrigerant is or contains. 
The terms are “Class I ozone-depleting 
substance,” “Class II ozone-depleting 
substance,” and “halocarbon.” 


Abstract 

~ | Glossary 

£ Acknowledgments 
| Introduction 


Commercial findustrial Systems (sections 2.1 to 2,6) 


Commercial industrial Systems (sections 2.7 to 2.13} 
Residential Systems and Domestic Appliances 
| Mobile Air Conditioners (Automobiles) 
i Mobile Refrigeration 
i Heavy Duty Mobile Air Conditioning Systems 
i Strategic Planning 


List of Recognized Industry Standards 


| Examples of Labels 
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Figure 15-4. Technicians must test refrigeration and air conditioning systems for leaks per the 
regulations found in the Environmental Code of Practice for Elimination of Fluorocarbon Emissions 
from Refrigeration and Air Conditioning Systems booklet. 


Testing Notices 


Any technician who tests refrigeration 
equipment to determine whether leaks 
are present will affix a notice to the 
equipment. See Figure 15-5. The no- 
tice will state the following: 

e test date 


e technician’s name 

e number and expiration date of the 
technician’s certificate 

e name of the technician’s employer 
(when tests are performed in the 
course of employment) 

e test results 

e statement that refrigerant will not 
be added to the equipment until the 
leak is repaired (when there is a leak 
in the refrigeration equipment) 


Testing Notice Record Keeping. Tech- 
nicians must not remove the notice 
attached to equipment, except when 
attaching a new notice to the equip- 
ment. A copy of each notice affixed 
to the equipment must be kept for a 
period of two (2) years from the date of 
service or testing. The records of testing 
notices are to be kept by the employer 
of the technician who serviced or tested 
the refrigeration equipment, as long as 
the service or testing was performed as 
part of the technician’s employment. 
When there is no employer, the techni- 
cian or person who serviced the refrigera- 
tion system must store the records. When 
the refrigeration equipment is part of 
the process of manufacturing a product 
containing a refrigeration system, special 
servicing and testing procedures apply. 
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Figure 15-5. When systems are tested and/or leaks are repaired, technicians must affix a notice to 
the system that includes the test date, technician’s name, number and expiration date of certificate, 
employer name, test results, and statement that no one can add refrigerant to the system until the 
leak is repaired, if applicable. 
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Paperwork, Records, and Notice Highlights 
When completing records, paperwork, or documentation, technicians must 
include the refrigerant class name such as CFC-12, HCFC-22, HFC-1 34a, 
and HFC-4 10A. 


e Natural refrigerants and pure hydrocarbons are not subject to this regulation. 
¢ All low-pressure chillers must have high-efficiency purge units. 


e Technicians must always have immediate access to refrigerant recovery 
equipment. 

Upon finding a leak within an HVAC system, a technician is responsible for 
immediately tagging the equipment with a notice and immediately notifying 
the customer. 

All technicians who service or test refrigerantcontaining equipment must 
keep records of everything pertaining to refrigerant purchases, refrigerant 
leak tests, refrigerant leakage rates, reason for refrigerant loss from a 
system/container, refrigerant addition/installation, leak repairs, and the 
refrigerant type/quantities used. 

Provincial or territorial regulations may require as little as two years for 
record keeping, however federal halocarbon regulations require five years 
for record keeping. It is the technician's responsibility to know whether the 
equipment is deemed as federal or provincial/territory and the technician 
shall maintain records accordingly. 

Containers must be identifiable with regards to refrigerant type, refrigerant 
amount, and deposit amount. Also, they cannot be deposited at a dump 
or landfilling site. 

Renewal forms are available online at www.ualocal787.org or www. 
jtac787.org or at the JTAC office. Forms must be completed and faxed 
to the JTAC at least eight (8) weeks prior to the expiration of an existing 
certificate. After failure to renew, certification requires the taking of a full- 
day refrigerant handling certification course and successful completion of 
an exam. 

Federal halocarbon regulations continue to apply to facilities that are under 
federal jurisdiction. Federal Halocarbon Regulation 2003 is available 
online at the following site: Http: /lawslois. justice.gc.ca/eng/regulations/ 
SOR-2003-289/page- 1 .html. 


Refilling Small Refrigeration 
Systems 


Technicians must not use refrigerant to 
refill small refrigeration systems, except 
in accordance with set rules. A techni- 
cian may use refrigerant to refill refrig- 
eration equipment when the technician 


The size of a small re- 
frigeration system varies 
from federal to provin- 


cial/territory. holds refrigerant handling certification 
hones i a, and there is a notice on the refrigeration 
5 Aen equipment that is not more than six (6) 
64,828 Btu/hr months old indicating that there are no 

= 25.5 hp leaks in the equipment. The technician 
ee iy must also verify that there is no appar- 
oe ent damage to the refrigeration system 
75,134 Btu/hr that may permit the discharge of refrig- 


29.5 hp erant into the natural environment or 


within the environment of a building. A 


> Technical tact oe : 
technician may also refill a system with 


refrigerant when there is no reasonable 
alternative and no immediate danger to 
human life or health, animal life, crops, 
plants, food stuffs, or the processing 
facility. See Figure 15-6. 


LESS THAN SIX 
MONTHS OLD REFFRIGERATION 
EQUIPMENT NOTICE (NO LEAKS) 


NO APPARENT 
DAMAGE TO 
EQUIPMENT 


WELDING EQUIPMENT 
REQUIRES FLOWING 
REFRIGERANT—NOT TO 
OVERHEAT AND FAIL 


Figure 15-6. When there is no reasonable al- 
ternative to refilling a system with refrigerant, 
technicians may refill a system with refrigerant 
when certain immediate dangers do not exist. 


b 


Small Refrigeration System Owner 
of Responsibilities. When a tech- 
nician refills a small refrigeration 
system and not all rules are followed, 
the owner of the equipment must 
promptly report the circumstances 
and the actions taken to the Director 
within seven (7) days. The owner must 
ensure that the refrigeration equip- 
ment is tested for leaks and that any 
leaks are repaired. The owner must 
also provide a report to the Director 
that includes the results of any testing, 
confirmation that any leaks found 


were repaired, and confirmation that 


a copy of the most recent notice af- 
fixed to the refrigeration equipment is 
placed in the equipment’s permanent 
records. See Figure 15-7. 


Refilling Large Refrigeration 
Systems 


Technicians must not use refrigerants 
that contain a Class I ozone-depleting 
substance to refill large refrigeration sys- 
tems that have one or more compressors 
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with a total capacity of more than 
22 kW. On or after January 1, 2012, no 
technician will use refrigeration equip- 
ment that contains a refrigerant that is 
or contains a Class I ozone-depleting 
substance. See Figure 15-8. 


OWNER MUST ENSURE 
THAT NO LEAKS ARE 
IN SYSTEM 


FLOWER 
COOLER 


TESTING RESULTS MUST 
BE PROVIDED BY OWNER 
TO DIRECTOR 


COPY OF LAST NOTICE AFFIXED 
TO EQUIPMENT MUST BE PLACED 
IN PERMANENT RECORDS 


FITTING 
LEAKING 


OWNERS MUST REPORT TO 


DIRECTOR WITHIN SEVEN DAYS 
ANY UNWANTED CIRCUMSTANCES 


CREATED BY TECHNICIAN 


CHILLER OVERHAUL: 
e REPLACEMENT OR MODIFICATION OF INTERNAL SEALING DEVICE 


e REPLACEMENT OR MODIFICATION OF INTERNAL MOVING PART IN A SINGLE-STAGE 
COMPRESSOR CHILLER (NOT OIL HEATER, OIL PUMP, FLOAT, OR VANE ASSEMBLY) 


° REPAIR REQUIRED DUE TO EVAPORATOR OR CONDENSER TUBE FAILURE 


Figure 15-7. An owner must 
report to the Director within 
seven (7) days any work a 
technician performs on a 
system that does not follow 
regulations and keep a copy 
of the most recent notice on 
file permanently. 


Figure 15-8. After January 1, 
2012, technicians cannot use 
refrigeration equipment that 
contains a Class | ozone-de- 
pleting substance, including 
chillers that have had a major 
overhaul performed. 
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A major overhaul is the procedure 
used to repair a chiller and includes 
the following: 

e replacement or modification of an 
internal sealing device in the chiller 

e replacement or modification of an 
internal mechanical moving part 
in a single-stage compressor chiller 
other than the oil heater, oil pump, 
float assembly, or vane assembly 

e repair required as a result of the fail- 
ure of an evaporator or condenser 
heat exchanger tube 


Owner Submittal Letters 


Technicians cannot use a Class I 
ozone-depleting substance in a chiller 
that has had a major overhaul per- 
formed, except when the owner of the 
chiller has submitted a written notice 
to the Director. The written letter 
must include the following: 

e a date no later than December 31, 
2011, by which the owner intends 
to discontinue the use of the chiller 
so that a refrigerant that contains a 
Class I ozone-depleting substance is 
not being used 

e whether the owner intends to discon- 
tinue the use of the chiller or convert 
the chiller so that it will not use a 
refrigerant that contains a Class I 
ozone-depleting substance 
The owner of a chiller who sub- 

mitted a written notice in accordance 

with set rules may submit a subsequent 
written notice to the Director that 
sets an alternate date that is no later 
than December 31, 2011, by which the 
owner plans to discontinue the use of 

a chiller with Class I ozone-depleting 

substances. The subsequent letter may 

also specify whether the owner intends 

to convert the chiller to a non-Class I 

ozone-depleting substance. 

Onvor after Janudwy 202a 
company or technician cannot use 


a Class I ozone-depleting substance 
in a chiller that has been through a 
major overhaul. When a technician 
uses a refrigerant that is or contains 
a Class I ozone-depleting substance 
to refill a chiller before January 1, 
2012, the technician has within seven 
(7) days after the refilling to provide 
written notice to the Director setting 
out the date by which the chiller 
will be retrofitted with a non-Class I 
ozone-depleting substance. 


Filling Containers 


Certified technicians are allowed to 
use refrigerants to fill containers, 
other than refrigeration equipment, 
that are designed to hold and prevent 
the discharge of Class I and Class 
II ozone-depleting substances and 
halocarbons. Technicians must use 
recycle/refillable containers (recovery 
cylinders). See Figure 15-9. 

Every container containing refrig- 
erant must have a label. The labels on 
cylinders containing refrigerant must 
include notice that the container con- 
tains an ozone-depleting substance, 
identify the refrigerant inside the 
container, state that the container 
is recyclable and refillable, state that 
the container can be returned to the 
seller for a minimum refund of $25, 
and state that the container cannot be 
disposed of by depositing in a dump 
or landfilling site. 


Sale or Transfer of Refrigerants 


A certified technician can sell or 
transfer refrigerant to another certi- 
fied technician to service refrigeration 
equipment or when the refrigerant is 
in a refrigeration system where any of 


‘its parts are being sold or transferred. 


A technician may sell or transfer 
refrigerant in a container when the 
refrigerant was acquired for the pur- 
pose of resale. 
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OZONE- 
DEPLETING 
SUBSTANCE 


REFRIGERANT 
NAME 


Honeywell Chemical 


NEW REFRIGERANT 
CONTAINER 


CANNOT PLACE 
CONTAINER IN DUMP 
OR LANDFILLING SITE 


RECYCLE/ 
REFILLABLE 
CONTAINER 


LABEL 


OZONE- 
DEPLETING 
SUBSTANCE 


WILL BE REFRIGERANT 
RETURNED NAME 
RECYCLE/REFILLABLE 
CONTAINER 


Figure 15-9. Technicians must use recyclable/refillable containers with labels indicating the type 
of refrigerant or ozone-depleting substance contained. The container label must also state the 


deposit amount. 


Deposits and Refrigerant Sales 
Records 


Certified sellers sell refrigerant in 
containers and must charge a deposit 
of at least $25 for the container (cyl- 
inder) at the time of the sale. People 
who sell refrigerant in containers 
must accept every used container 
that they sold and will pay to the 
person presenting the container 
the amount of the deposit that was 
charged for the container at the time 
of the sale. 

Refrigerant sellers must keep a record 
of every sale of refrigerant, which is to 
include the date of sale, amount and 
type of refrigerant, and the name of 
the certified technician who purchased 
the refrigerant. See Figure 15-10. The 
purchaser certification number and 
expiration date also must be recorded. 
When the purchaser is an employee of 
the certified person, the ID number 


and expiration date of the certified 
person’s certificate must be recorded. 
All sellers must keep a record of the 
sale for a period of two (2) years from 
the date of the sale. The requirements 
for paperwork and records for the sale 
of refrigerant, deposit on refrigerant 
containers, and transfer of refrigerants 
do not apply when refrigerant is de- 
posited directly into a tank vehicle or 
refrigeration equipment. 


A person who sells refrigerant in a container 
shall charge a deposit of at least $25 for the 
container at the time of sale, accept every used 
container sold by the seller, and pay to the 
person presenting the container the amount of 
the deposit that was charged for the container 
at the time of sale. The person who sold the 
refrigerant in a container shall promptly create 
a record of the sale. 
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Figure 15-10. Sellers of re- 
frigerant must keep a record 
of the ozone-depleting sub- 
stance sold, the purchaser, 
and the technician’s certifica- 
tion card number and expi- 
ration date. 
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Record of this sale must be kept for two (2) years from date of sale. 


Notices Indicating No Refrigerant 


A technician certified in the use of 
refrigerants and refrigeration equip- 
ment may determine that refrigeration 
equipment or a container that has con- 
tained refrigerant no longer contains 
refrigerant. In this case, the technician 
must affix a notice to the refrigeration 
equipment or container that states 
the date of termination, technician’s 
name, ID number and expiration 
date of the certificate, and name of 
the technician’s employer as well as a 
statement that the refrigeration equip- 
ment or container no longer contains 
any refrigerant. A copy of the notice 
must be kept for a minimum of two 
(2) years. See Figure 15-11. 


CERTIFICATION IN THE USE 
OF REFRIGERANTS AND 
REFRIGERATION EQUIPMENT 


A technician qualifies for a refriger- 
ant authorizing certificate when the 
technician has successfully completed 
a course approved by the Director that 


provides training and testing in the 
use and handling of ozone-depleting 
substances, halocarbons, refrigerants, 
and refrigeration equipment. The 
Director will ensure that information 
about the approved course is made 
available to the public on the minis- 
try’s website and by such other means 
as the Director considers appropriate. 


NOTICE: No Refrigerant 


is present in the foilwoing system or container 


Name of Certified Technician 
Certification Number Expiration Date 


Technician’s Company 


Termination 
Date 


' HVAC System or Container 
i| Model #: 
Comments: 


i 0001 | 
3 Record of this notice must be kept for two (2) years trom date of termination, 


Figure 15-11. When a system/container no 
longer contains refrigerant, a notice must be 
affixed to the system/container stating that it 
no longer contains any refrigerant. 


Issuing Authorizing Certificates 


The Director will renew the certificate 
of a technician when the technician 
makes a request for renewal before 
the expiration date on the certificate 
and pays any required fees. The cer- 
tificate will include the name of the 
technician who holds the certificate, 
certificate ID number, and an expira- 
tion date. 

A certificate is valid for five (5) years 
from the date of issue. The Director 
may refuse to issue or renew a certifi- 
cate or may revoke a certificate issued 
to a technician if the past conduct 


of the technician affords reasonable 
grounds to believe that the technician 
will not comply with the requirements 
of the regulation. When the Director 
proposes to refuse to issue or renew a 
certificate or to revoke a certificate, 
the Director will give written notice to 
the technician setting out the reasons 
for the proposal and informing the 
technician that he or she may make 
written submissions to the Director 
within 30 days after the date of the 
notice. After considering any written 
submissions, the Director will do one 
of the following: 

e refuse to issue the certificate 

e revoke the certificate 

e issue the certificate 

e refrain from revoking the certificate 
A technician who holds an au- 

thorizing certificate issued by an 
out-of-province regulatory authority 
qualifies for a certificate under certain 
conditions. See Figure 15-12. These 
conditions are as follows: 

e the technician provides the Direc- 
tor with a copy of the authorizing 
certificate 

e the certificate to be issued, in the 
opinion of the Director, is in respect 


to the same occupation as the techni- 
cian’s authorizing certificate 

the technician provides the Director 
with confirmation in writing from the 
out-of-province regulatory authority 
that the authority issued the techni- 
cian’s authorizing certificate, the certif- 
icate is not expired, and the certificate 
has not been cancelled or revoked 

the technician provides the Director 
with a signed statement that the tech- 
nician has obtained the training ma- 
terial for the course mentioned and 
that the technician is knowledgeable 
about the legislation and regulations 
that govern the use and handling of 
ozone-depleting substances, halocar- 
bons, refrigerants, and refrigeration 
equipment in Ontario 


To purchase and handle refrigerants in Can- 
ada, a fechnician is required to have an 
ozone depletion prevention (ODP) certificate 
card. The technician must complete a one-day 
course, receive a mark of 75% or greater, and 
pay a fee. Once completed, the card will be 
issued by the Ministry of the Environment. 


TECHNICIAN PROVIDES 
DIRECTOR COPY OF 
AUTHORIZING CERTIFICATE 
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DIRECTOR BELIEVES CERTIFICATE 
TO BE ISSUED IS IN SAME 
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AUTHORIZING CERTIFICATE 
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TECHNICIAN PROVIDES 
DIRECTOR WITH WRITTEN 
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OUT-OF-PROVINCE REGULATORY 
AUTHORITY THAT AUTHORIZING 
CERTIFICATE WAS ISSUED, 
CERTIFICATE IS NOT EXPIRED, 
AND CERTIFICATE HAS NOT 
BEEN CANCELLED OR REVOKED 


NOT AN ACTUAL AUTHORIZATION CERTIFICATE 
OR OZONE DEPLETION PREVENTION CARD (ODP) 


Figure 15-12. A technician can acquire an authorizing certificate if an out-of-province certificate 


can be proven to be in good standing. 
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POSSESSION OF REFRIGERANT 
BEFORE AND AFTER JANUARY 1, 
2012 


When immediately before January 
1, 2012, a technician is in possession 
of a refrigerant that is or contains a 
Class I ozone-depleting substance and 
that was collected from refrigeration 
equipment, the technician will, no 
later than July 1, 2012, deliver the 
refrigerant to a wholesaler who sells 
or distributes refrigerants. When on 
or after January 1, 2012, a technician 
collects refrigerant that is or contains 
a Class I ozone-depleting substance 
from refrigeration equipment, the 
technician will, within six (6) months 
after the refrigerant was collected, 
deliver the refrigerant to a wholesaler 
who sells or distributes refrigerants. 
See Figure 15-13. 

On application, the Director may 
extend the time within which a techni- 
cian is required to deliver a refrigerant 
to a wholesaler who sells and distrib- 
utes refrigerants. When the Director is 
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satisfied that, for reasons beyond the 
technician’s control, the technician 1s 
unable to deliver the refrigerant to the 
wholesaler within the time required, 
extra time may be allowed. A person 
who is required to deliver a refriger- 
ant to a wholesaler will deliver it in 
a container typically referred to as a 
recycle/refillable container. 


Delivery of Refrigerants that 
Contain a Class | Ozone- 
Depleting Substance 

When a technician delivers a re- 
frigerant that is or contains a Class 
I ozone-depleting substance to a 
wholesaler who sells or distributes 
refrigerants, the wholesaler will accept 
the refrigerant at no charge. This rule 
does not apply unless the refrigerant 
is transferred to the wholesaler in 
a recycle/refillable container at the 
wholesaler’s normal place of business 
during normal business hours. See 
Figure 15-14. 


WHOLESALER SELLS AND 
DISTRIBUTES REFRIGERANTS 


100 LB RECYCLE/ 
REFILLABLE CONTAINER 


CLASS | OZONE- 
DEPLETING 
SUBSTANCE 


REFRIGERANT 4 
WHOLESALER 


30 LB RECYCLE/ 
REFILLABLE 
CONTAINER 


FROM TIME OF COLLECTION, 
TECHNICIAN HAS SIX (6) MONTHS 
TO DELIVER TO WHOLESALER 
(EXTRA TIME ALLOWED BY 
DIRECTOR WHEN NEEDED) 


Figure 15-13. Technicians must deliver to a refrigerant wholesaler any ozone-depleting substances 
captured within six (6) months of being collected. It is possible for the Director to allow time extensions. 


WHOLESALER MUST ACCEPT REFRIGERANT 
FROM CERTIFIED TECHNICIANS FOR 

FREE AS LONG AS IT IS DELIVERED TO 
WHOLESALER’S NORMAL PLACE OF BUSINESS 


WHOLESALER MUST ACCEPT REFRIGERANT 
FROM CERTIFIED TECHNICIANS 

FOR FREE AS LONG AS DELIVERY IS 
DURING NORMAL BUSINESS HOURS 


WHOLESALER MUST ACCEPT 
REFRIGERANT FROM CERTIFIED 
TECHNICIANS FOR FREE AS LONG 

AS REFRIGERANT IS IN PROPER 
RECYCLABLE/ REFILLABLE CONTAINER 
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Figure 15-14. Technicians must deliver ozone-depleting substances to wholesalers in acceptable 
recyclable/refillable containers at the wholesaler’s normal place of business during normal busi- 


ness hours. 


Transfer, Transport, Storage, or 
Disposal of Ozone-Depleting 
Substances as Waste 

The regulation does not prohibit or 

restrict the transfer or transport of 

or anything that contains a Class I 

or Clas II ozone-depleting substance 

that is waste to a waste management 
system or to or from a waste disposal 
site as permitted under the act. See 

Figure 15-15. Certain substances, in- 

cluding the following, are designated 

as waste material: 

e a solvent or sterilant that con- 
tains a Class I or Class II ozone- 
depleting substance, other than a 
solvent or sterilant used, stored, or 
transferred 

e refrigerant that is or contains a Class 
I ozone-depleting substance and that 
has been collected from refrigeration 
equipment on or after July 1, 2012 

e substances designated as waste when 
they are or were hazardous waste 
within the meaning of Regulation 
347 of the Revised Regulations of 
Ontario, 1990 (General-Waste Man- 
agement) made under the act 


Also, nothing in the regulation 
prohibits the storage or disposal of or 
anything that contains a Class I or Class 
II ozone-depleting substance at a waste 
disposal site. 


Fire Extinguishing Equipment and 

Containers 

A technician will not dismantle, de- 
stroy, recycle, incinerate, or dispose 
of in a dump or landfilling site fire 
extinguishing equipment that contains 
Halon™ in an amount of more than 3 
kg unless a notice has been affixed to 
the equipment and the equipment is 
handled in a manner authorized under 
the act. A technician will not dismantle, 
destroy, recycle, incinerate, or dispose of 
in a dump or landfilling site a container 
referred to as recycle/refillable unless a 
notice has been affixed to the contain- 
er and the container is handled in a 
manner authorized under the act. This 
regulation does not apply to the dis- 
mantling that takes place in the course 
of the manufacture of a product that 
is or contains refrigeration equipment. 
See Figure 15-16. 
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Figure 15-16. Fire extinguish- 
ing equipment containing 
3 kg or more of Halon can- 
not be placed in a dump or 
landfilling site without being 
dismantled or destroyed and 
having a notice affixed. 


ASS | AND CLASS II SUBSTANCES AS Wé 


Methyl chloroform 


Carbon tetrachloride 
CFC-11 


(trichlorofluoromethane) 


Class Il Substances 
HCFC-21 


HCFC-22 
HCFC-23 


(dichlorofluoromethane) 
(chlorodifluoromethane) 
(chlorofluoromethane) 


CFC-12 (dichlorodifluoromethane) 


HCFC-121  (tetrachlorofluoroethane) 


CFC-13 
CFC-111 
CFC-112 (tetrachlorodifluoroethane) 


CFC-113 (trichlorotrifluoroethane) 


CFC-114 (dichlorotetrafluoroethane 


(chlorotrifluoromethane) 


(pentachlorofluoroethane) 


HCFC-122  (trichlorodifluoroethane) 
HCFC-123  (dichlorotrifluoroethane) 
HCFC-221  (hexachlorofluoropropane) 


HCFC-225 (dichloropentafluoropropane) 


CFC-115 (chloropentafluoroethane) 


All other CFCs 


HCFC-235 
HCFC-241 


(chloropentafluoropropane) 
(tetrachloropluoropropane) 


All isomers and CFC mixtures 


HCEFC-242 
HCFC-253 


(trichlorodifluoropropane) 


(chlorotrifluropropane) 


Halon-1211 (bromochlorodifluoromethane) 
Halon-1301 (bromotrifluoromethane) 
Halon-2402 (dibromotrifluoroethane) 
Chlorocarbons 


HCFC-271 (chlorofluoropropane) 


All other hydrochlorofluorocarbons 


All HCFC mixtures 


Figure 15-15. Solvents, sterilants, and Class | and Class II ozone-depleting substances are con- 


sidered waste materials. 


3 KG OR MORE HALON FIRE 
EXTINGUISHERS CANNOT BE PLACED 
IN DUMP OR LANDFILLING SITE EXCEPT 
WHEN DISMANTLED, DESTROYED, OR 
RECYCLED WITH NOTICE ATTACHED 


1 BASE c 


& 
ME Sh SEES 
isi OSE 


ine 
tS ee 


HALON FIRE 
EXTINGUISHER 


3 KG OR LESS HALON 

EXTINGUISHERS IF DISMANTLED, 
DESTROYED, OR RECYCLED CAN BE 
PLACED IN A DUMP OR LANDFILLING SITE 


RECYCLE/REFILLABLE CONTAINERS 
CANNOT BE PLACED IN DUMP 
OR LANDFILLING SITE 


Manchester Tank & Equipment Co. 


RECYCLE /REFILLABLE 
CONTAINER 


RECYCLE/REFILLABLE CONTAINER CAN 
BE PLACED IN DUMP OR LANDFILLING 

SITE WHEN DISMANTLED, DESTROYED, 
OR RECYCLED WITH NOTICE ATTACHED 
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Disposal of Portable Fire 
ib md Designed to Contain 
Less than Three Kilograms of Halon 


A technician may dismantle, destroy, 
recycle, incinerate, or dispose of by de- 
positing in a dump or landfilling site 
a portable fire extinguisher designed 
to contain Halon in an amount of 
3 kg or less in a manner authorized 
under the act. Even though small 
amounts of Halon can be disposed 
of by the technician, the technician 
should use every precaution possible 
to keep the Halon from entering the 
environment. Halon has a higher 
ozone depletion potential than chlo- 
rofluorocarbons. Halon is used main- 
ly for fire suppression systems. When 
the Halon system is removed, another 
type of fire suppression system is cho- 
sen to replace it. 


USE OF REFRIGERANTS IN MOTOR 
VEHICLE AIR CONDITIONERS 


A technician may not use, in a motor 
vehicle that requires a permit under 
the Highway Traffic Act, a motor ve- 
hicle air conditioner that contains a 
refrigerant that is or contains a Class 
I ozone-depleting substance unless the 
air conditioner was installed in the 
motor vehicle on or before December 
31, 1994. A technician may not use a 
refrigerant that is or contains a Class 
I or Class II ozone-depleting substance 
to fill or refill a motor vehicle air 
conditioner, regardless of whether the 
motor vehicle requires a permit under 
the Highway Traffic Act. Despite the 
purpose of testing a motor vehicle 
air conditioner, a technician may 
use a refrigerant that is or contains 
a halocarbon to fill or refill the air 
conditioner in accordance with the 
Environmental Code of Practice for 


Class | refrigerants include chlorofluorocarbons (CFCs), Halons, carbon 
tetrachloride, methyl chloroform, and hydrobromofluorocarbons (HBFCs]. 
Class | refrigerants include any mixture containing any of these substances or 
any isomer (different molecular arrangement) of these substances. 


Class | CFCs include, but are not limited to, CFC-11, CFC-12, CFC-13, 
CFC-1 13, CFC-1 14, CFC-1 15, CFC-500, CFC-S02, and CFC-503. 
Halocarbon refrigerants include any fluorocarbon {FC}, hydrofluorocarbon 
(HFC), or any mixture that may contain any of these substances or any 
isomer of these substances. 


Halocarbon HFCs include, but are not limited to, HFC-23, HFC-32, HFC- 
125, HFC-134a, HFC-404A, HFC-407A, HFC-407C, HFC-410A, HFC- 


© 507, and HFC-508. 


Class |, Class Il, and halocarbon refrigerants may not be added to a system 
for the purpose of leak testing. 


Refrigeration systems with a capacity greater than 22 kW (6.25 tons} may 
not have Class | CFCs added. 


low-pressure chillers may not have Class | CFCs added unless the equip- 
ment meets the accepted exemptions according to the regulations. 


Class | CFC-containing equipment of greater than 22 kW and Class I 
CFC-containing chillers will not be allowed to operate on or after January 
1, 2012. These systems must be either replaced or converted to non-Class 
| refrigerants in order to operate. 


As of January 1, 2012, any recaptured Class | CFC must be returned to a 
wholesaler at no cost to the technician. 


As of July 1, 2012 recovered Class | CFCs are hazardous waste. 


Ue ee ee 


| le 


Yellow Jacket Div., Ritchie Engineering Co., Inc. 


Elimination of Fluorocarbon Emis- 
sions from Refrigeration and Air 
Conditioning Systems. 


A person must not use a refrigerant that is or contains a Class | or Class Il ozone-de- 
pleting substance to fill or refill a motor vehicle air conditioner, regardless of whether 


the motor vehicle requires a permit under the Highway Traffic Act. 
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Servicing and Testing Motor 
Vehicle Refrigeration Systems 


A technician who tests mobile refrig- 
Class if Ozone-Depleting Substance Highlights eration equipment or a motor vehicle 
air conditioner to determine whether 
a leak exists may affix a notice to the 


; frame or edge of the door nearest to 
e Class II HCFCs include, but are not limited to, HCFC-22, HCFC-123, the driver’s seat. See Figure 15-17. 
ee a Mobile refrigeration equipment is 


e Class |, Class Il, and halocarbon refrigerants may not be added toa system equipment that is installed in, nor- 
for the purpose of leak testing. mally operates in or in conjunction 


with, or is attached to a means of 
transportation but does not include a 
motor vehicle air conditioner. 


e Class Il refrigerants include hydrochlorofluorocarbons (HCFCs) and any 
mixture containing or isomer of HCFCs. 


at SERVICING AND TESTING 
MOTOR VEHICLE REFRIGERATION SYST 


NOTICE: System Checked 


No leaks present 


Name of Certified Technician Termination 
Date 

Certification Number Expiration Date 

Technician's Company 


HVAC System or Container 


Model #: 
Comments: 


Proposed Canadian fed- 
eral ODP regulations are 
under consideration. All 
provinces and territories 
will have to follow the 
new federal regulations. 
These proposed regula- 
tions can be referenced 
using the access code or 
QR Code at the end of 
the chapter. 


è 


0001 


Record of this notice must be kept for two (2) years from date of termination. 


PEEL AND 
STICK LABEL 


MANUFACTURERS 
SPECIFICATION STICKER 


OPTIONAL 
DEALER STICKER 
VEHICLE 
DRIVER’S DOOR 


SYSTEM CHECK 


AND 
LEAK NOTICE DOOR LIGHT 


Figure 15-17. Any leaking motor vehicle air conditioning and refrigeration system must have a 
notice affixed to the system or driver's door. 
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1 Questions 


1. Why may not a technician permit a discharge of Class I and Class II refrigerants and any substance that contains 
a Class I or Class II substance into the natural environment? 


2. What must a technician give to the owner of refrigeration equipment once testing is complete? 
3. How are refrigerants to be described? 


4. What information must be placed on a leak testing notice that is affixed to refrigeration equipment by a technician 
after testing? 


5. How can a technician use refrigerant to refill refrigeration equipment? 


6. What must the owner of refrigeration equipment do when a technician does not follow regulations when working 
on refrigeration equipment? 


7. What must a technician do after filling a recycle/refillable container with recovered refrigerant? 
8. What information must the seller record when a technician purchases refrigerant? 

9. What must a technician do when equipment or a container does not contain any refrigerant? 

10. How does a technician with an out-of-province authorized certificate acquire a certification card? 


11. What must a technician do to successfully deliver refrigerant to a refrigerant wholesaler? 


12. How must a technician process a Halon fire extinguisher for disposal? 
rd 


D | Res = < ATPskesodices toni Cinektinks 
igi Rescues "Access Code: 827160 


EPFL LIN 


E cyte Proposed Federal e Aures cOn ORU 
= i ODP Reguiatons Access Code: 827847 


PEAT LAE 
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REVIEW QUESTIONS 


Name Date 


1. Technicians who leak test, recover, evacuate, and charge HVAC systems in Canada must follow 
regulations and use service practices dictated by the __. 


A. Heating, Refrigeration, and Air Conditioning Institute of Canada 
B. owner of the equipment 

C. Director of the Ministry of the Environment 

D. Canadian Standards Association 


2. A technician who discharges or permits to be discharged an excessive amount of a Class | or 
Class I] ozone-depleting refrigerant into the natural environment or within the environment of a 
building must report the fact__. 


A. within 1 day 

B. within 1 week 

C. within 1 month 

D. as soon as reasonably possible 


3. When a technician tests a refrigeration system, the technician must give the test results to the 


Heating, Refrigeration, and Air Conditioning Institute of Canada 
owner of the equipment 

Director of the Ministry of the Environment 

D. Canadian Standards Association 


OW > 


4. A copy of each notice attached to HVAC equipment must be kept for a period of ___ from the date 
of service or testing. 


A. six months 
B. one year 
C. two years 
D. five years 
5. Atechnician may use refrigerant to refill refrigeration equipment when the technician holds refrig- 


erant handling certification and there is a notice on the refrigeration equipment that is not more 
than ____ oid indicating that there are no leaks in the equipment. 


. six months 
. one year 

. two years 
. five years 


000 > 


6. When a technician refills a small refrigeration system and not all rules are followed, the owner of 
the equipment must promptly report the circumstances and the actions taken within ___. 


A. one day 

B. seven days 
C. two weeks 
D. one month 


7. On or after __, no technician will use refrigeration equipment that contains a refrigerant that is 


or contains a Class | ozone-depleting substance. 
A. July 6, 1999 


B. December 31, 2011 
C. January 1, 2012 
D. July 1, 2012 
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8. 


10. 


wal 


12. 


13. 


14. 


15. 


The owner of a chiller who submitted a written notice in accordance with set rules may submit a 
subsequent notice to the ___ that sets an alternate date that is no longer than December 31, 2011, by 
which the owner plans to discontinue the use of a chiller with a Class | ozone-depleting substances. 


A. Director 

B. Commissioner 

C. Government of Canada 

D. Heating, Ventilating, and Air Conditioning Institute of Canada 


Technicians must use ____ to recover refrigerant. 
A. disposable cylinders 
B. recovery cylinders 
C. empty new refrigerant containers 
D. recycle/refillable containers 


Certified sellers who sell refrigerants in containers must charge a deposit of at least __ for the 
container at the time of the sale. 


A. $10 
B. $25 
C. $50 
D. $100 


Information concerning refrigerant handling certification classes are available onthe ____ website. 
A. Heating, Refrigeration, and Air Conditioning Institute 
B. government of Canada Correctional Services 
C. Ministry of the Environment 
D. Canadian Standards Association 


An ODP card is valid for__ years from the date of issue. 
A. 2 
B. 3 
Cc. E 
D. 10 


Once a technician has collected a Class | or Class I| ozone-depleting substance from refrigeration 
equipment, the technician will, within___ after the refrigerant was collected, deliver the refrigerant 
to a wholesaler who sells or distributes refrigerants. 


A. three months 
B. six months 
C. one year 

D. two years 


The regulation does not prohibit the storage or disposal of or anything that contains a Class | or 
Class || ozone-depleting substance ata ____ site. 


A. waste disposal 

B. refrigerant reclamation 
C. refrigerant seller 

D. refrigerant recycling 


A technician who tests mobile refrigeration equipment or a motor vehicle air conditioner to deter- 
mine whether a leak exists may affix a notice tothe ___. 


A. compressor 
B. frame or edge of door nearest to the driver's seat 
C. hood 

D. radiator cowling 


One hundred questions are 
found on a typical universal 
certification test. The informa- 
tion covered by the universal 
_ test includes 25 questions each 
of core, Class I, Class Il, and 

M halocarbon information. 


h 


Name 


| 


1 


ae 1 
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Certification Test 
Questions 
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Date 


1. ___ is the process being performed when refrigerant is removed from an HVAC system without 
any filtering or moisture mediation. 


A. 
B. 
C. 
D. 


Reclaiming 
Recycling 
Recovery 
Evacuation 


2. ___ is the element in refrigerants that causes ozone depletion. 


A. 
B. 
C. 
D. 


Fluorine 
Chlorine 
Carbon 

Bromine 


3. ___ refrigerants were the first refrigerants to be banned from production, on December 31, 1995. 


A. 


B. 
C. 
D. 


PFC 
HFC 
HCFC 
CFC 


4. ___ refrigerant is the most harmful to the ozone layer. 


> 


B. 
C. 
D. 


R-12 
R-22 
R-134a 
R-407C 


Technician Certification for Refrigerants 


a e a 


5. ___ are fluorocarbon refrigerants that cause no harm to stratospheric ozone. 
A. CFCs 
B. HCFCs 
C. HFCs 
D. Halons 


6. Refrigerant __is the type of contamination that is the most difficult for a reclaiming facility to 
eliminate. i 


A. with air 

B. with moisture 

C. from an acid burnout 

D. containing particulate matter 


7. The ozone layer protects the planet’s surface from _. 
A. losing oxygen 
B. UV radiation 
C. chlorine monoxide 
D. greenhouse gases 


8. Class |, Class li, and Halon ozone-depleting substances are subject to refrigerant regulations. 
A. HRAI 
B. ASCII 
C. seller 
D. handling 


9. One of the most serious results of damage to the ozone layer is ____. 
A. increased growth of marine plants and plankton 
B. increased volcanic activity 
C. increases in the occurrence of human skin cancer 
D. decreased ground level ozone 


10. Itis estimated that one chlorine molecule can destroy over ____ ozone molecules before finally 
leaving the stratosphere. z 


A. 100 
B. 1000 
C. 10,000 
D. 100,000 


11. __ is a chlorine-free refrigerant. 
A. HFC-134a 
B. CFC-11 
C. HCFC-22 
D. CFC-12 


12. Refrigerant losses of __ or greater must be reported immediately to the Ministry of the Environ- 
ment by the person responsible for the discharge (the customer when the loss occurred before 
the technician arrived on site or the technician when the leak was caused by the work of the 
technician). 


A. 1g 

B. 10 kg 
C. 50 kg 
D. 100 kg 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 
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— İs an HCFC refrigerant. 
A. R-11 
B. R-22 
C. R-114 
D. R-717 
— is an HFC refrigerant. 
A. R-11 
B. R-22 
C. R-115 
D. R-134a 
Technicians who face fines, lose their ODP card certification, and must appear in federal court 
have violated __. 
A. HRAI provisions 
B. provisions of the Clean Air Act 
C. Correctional Services of Canada provisions 
D. provisions of the Refrigerant Handling Act 


Canada and the United States agreed that CFCs will not be manufactured after _. 
A. 1990 
B. 1996 
C. 2000 
D. 2012 


ASHRAE refrigerant safety classification standard Class ___ refrigerants are the most dangerous 
(higher flammability and higher toxicity). 


A. Al 
B. A3 
C. Bt 
D. B3 


The system component that changes low-pressure vapor refrigerant to high-pressure vapor 
refrigerant is the __. 


A. thermal expansion valve 

B. compressor 

C. condenser 

D. evaporator 
A technician must not discharge or permit the discharge of a___ or any material that contains a 
____ into the natural environment or the environment within a building. 

A. Class | and Class II ozone-depleting substance 

B. noncondensable substance 

C. inert gas such as dry nitrogen 

D. compressor oil 
Any technician who discharges or permits to be discharged __ kg or more of an ozone-depleting 
substance must report the incident. 

A. 0.1 

B. 1 

C. 10 

D. 100 
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21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


When required, the release of ozone-depleting substances must be reported to the __. 
A. Ministry of the Environment 
B. Heating, Refrigeration, and Air Conditioning Institute of Canada 
C. Correctional Service of Canada 
D. Environment of Canada’s inquiry centre 


Most high-efficiency purge units used with low-pressure chillers discharge ____ kg of refrigerant 
with every kilogram of air purged. l 


A. 0.1 
Bad 

C. 10 
D. 100 


Technicians who test refrigeration systems that contain refrigerant to determine whether there is 
a leak must conduct the test in accordance with the ___. 


A. Correctional Service of Canada codes 
B. Heating, Refrigeration, and Air Conditioning Institute of Canada regulations 


C. Environmental Code of Practice for Elimination of Fluorocarbon Emissions from 
Refrigeration and Air Conditioning Systems regulations 


D. Ontario Management of Refrigerants standards 


When a technician tests a refrigeration system, the technician must give the test results tothe __. 
A. Ministry of the Environment 
B. owner of the refrigeration equipment 
C. Heating, Refrigeration, and Air Conditioning Institute of Canada 
D. Correctional Service of Canada 


Technicians who test refrigeration equipment to determine whether a leak exists must affix a 
to the equipment. 


A. refrigerant MSD sheet 


B. notice 

C. safety mask 

D. lockout device > 
After testing a system for leaks, a copy of the test results must be kept for a period of ___ years 
from the date of the service or testing. 

A. 2 

B. 3 

C. 5 

D. 10 


A technician may use refrigerant to refill refrigeration equipment when the technician holds refrig- 
erant handling certification and there is information on the equipment that is not more than ___ 
old, which indicates that there are no leaks in the equipment. 


A. one month 
B. two months 
C. six months 
D. one year 


Before refilling a small refrigeration system, the technician must verify that___ the system. 
A. there is no apparent damage to 
B. nitrogen is being charged into 
C. all valves are closed on 
D. pressure is low in 


29. 


30. 


31. 


32. 


4 33. 


34. 


35. 


36. 
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When a technician filis a small refrigeration system and all the rules are not followed, the owner 
of the equipment must promptly report the circumstances and the actions taken to the __. 


A. facility manager 

B. maintenance manager 

C. Heating, Refrigeration, and Air Conditioning Institute 
D. Director 


When a technician fills a small refrigeration system and all the rules are not followed, the owner 
has ____ to report the actions of the technician. 


A. 7 days 

B. 2 weeks 
C. 1 month 
D. 6 months 


Technicians must not use refrigerants that contain a Class | ozone-depleting substance to refill 
large refrigeration systems that have one or more compressors with a total capacity of more 
than : 


A. 7.5 kW 
B. 22 kW 
C. 300 psi 
D. 400 psi 


Technicians cannot use a Class | ozone-depleting refrigerant or substance in a chiller that has 
had a major overhaul performed, except when the owner has submitted ___ to the Director. 


A. an approved written notice 
B. maintenance logs 

C. manufacturer specifications 
D. warning labels 


Technicians must use ___ to store recovered refrigerant. 
A. throw away cylinders 
B. recycle/refillable containers 
C. new manufacturer cylinders 
D. empty, new refrigerant containers 


Every container containing refrigerant must have a__. 
A. hose 
B. pressure gauge 
C. label 
D. safety lock 
Certified sellers sell refrigerants in containers and must charge a minimum deposit of ___ for the 
container at the time of the refrigerant sale. 
A. $10 
B. $25 
C. $50 
D. $75 


Certified sellers must keep a record of the sale of refrigerant for a period of ___. 
A. three months 
B. six months 
C. one year 
D. two years 
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37. A technician may determine that refrigeration equipment or a container that once contained 
refrigerant no longer contains refrigerant and must affix a(n) ___ to the equipment. 


A. letter from the Minister 
B. HRAI card 

C. refrigerant tag 

D. notice 


38. An ODP card is valid for__ years. 
A. 2 
Bs 
Ca, 
D. 10 


39. Technicians who hold an authorizing certificate issued by an out-of-province regulatory authority 
qualifies for a certificate when the director is provided with a copy of the technician’s nonexpired 
or revoked certificate andthe ____. 


A. technician submits a $100 fee 


B. certificate to be issued is, in the opinion of the Director, in the same occupation as the 
technician's authoring certificate 


C. Director is provided with the technician’s ODP card number 
D. Heating, Refrigeration, and Air Conditioning Institute of Canada forms are received 


40. When, on or after January 1, 2012, a technician collects a refrigerant that is or contains a Class | 
ozone-depleting substance from refrigeration equipment, the technician has ____ after the refrig- 
erant was collected to deliver the refrigerant to a wholesaler. 


A. one month 
B. two months 
C. six months 
D. one year 
41. When a technician delivers a Class | ozone-depleting substance to a wholesaler, the wholesaler 
will accept the refrigerant__. 
A. atno charge 
B. for a $50 charge s 
C. for a $100 charge 
D. as deposit on a new container 


42. Wholesalers do not have to accept refrigerant when the refrigerant is _. 
A. ina recycle/refillable container 
B. delivered to the wholesaler’s normal place of business 
C. delivered during normal business hours 
D. a mixture of refrigerants 


43. ___ is not designated as waste material. 
A. A solvent containing a Class 1 ozone-depleting substance 
B. A sterilant containing a Class | ozone-depleting substance 
C. A Class | refrigerant collected after July 1, 2012, 
D. R-134a 
44. Fire extinguishing equipment that is designed to contain Halon in a quantity of more than ___kg 
cannot be deposited in a dump or landfilling site without a special notice. 
A. 0.1 
Ip}, OLS 
CHi 
DES 


45. 


46. 


47. 


48. 


49. 


50. 
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Halon has a higher ozone depletion potential than __. 
A. hydrochlorofluorocarbons 
B. chlorofluorocarbons 
_C. hydrofluorocarbons 
D. perfluorocarbons 


After testing a motor vehicle air conditioner to determine whether a leak exists, the technician 
may affix the test information to the ____ nearest to the driver’s seat. 


A. door handle 

B. window handle 
C. edge of the door 
D. coat hanger 


Before disposing of any appliance with CFC or HCFC refrigerants, the technician must ___. 
A. evacuate the system 
B. recover the refrigerant 
C. seal the refrigeration system 
D. sign off on the record sheet 


Recycle/refillable containers must be tested every ___ years. 
A. 2 
B. 5 
C. 10 
D. 15 


The typical replacement for refrigerant R-12, with system modifications, is___. 
A. R-134a 
B. R-407c 
C. R-410A 
D. R-512 


Refrigerant enters the metering device of a refrigeration system asa___. 
A. liquid 
B. frozen solid 
C. low-pressure vapor 
D. high-pressure vapor 


Technician Certification for Refrigerants 


The EPA certifies téchnicians, 
contractors, and distributors for 
handling refrigerants. The pur- 
pose of the certification tests 
is to ensure that individuals are 
qualified to sell, recover, recycle, 
charge, and/or transport refrig- 
erants, and maintain proper 
documentation. 


Refrigerant certification tests and 
certifying agencies are overseen by 
the EPA. Certifying agencies may 
also have specific certification test 
requirements that include items 
such as registration fees and specific 
types of identification. A refrigerant 
certification test consists of a vari- 
ety of multiple choice questions. 
Practicing with sample certification 
test questions will help prepare tech- 
nicians for taking an EPA-approved 
refrigerant certification test. 

To pass a refrigerant certification 
test, knowledge of EPA standards and 
refrigerant handling practices must be 
acquired. In addition, new refrigerant 
recovery and recycling equipment 
that technicians must use is continu- 
ally being developed. New skills must 
be continually acquired to remain cur- 
rent with advancing technology and 
to grow in the air conditioning and 
refrigeration profession. The ability 


or 
` »Certification Test 


Preparation 


to adapt as the industry changes is 
crucial for a technician’s continued 
success. See Figure 17-1. 

Apprentices attending school, 
technical update seminars, and 
company classes, or participating in 
professional organization activities, 
receive valuable information on cur- 
rent refrigerant topics and trends. 

For example, the Internation- 
al Union of Operating Engineers 
(IUOE) requires apprentices to take 
classes and acquire a refrigerant 
certification card before graduating. 
Many local refrigeration license 
requirements, such as in New York 
City, will use technician certifica- 
tion as a qualification to take the 
local license examination. 


L 


The Environmental Protection Agency 
(EPA) is a government agency that 
protects human health and the envi- 
ronment. Since 1970, the EPA has been 
working for a cleaner, healthier envi- 
ronment for the American people. 
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Figure 17-1. Refrigerant 
technicians must continually 
acquire new skills to remain 
current with advancing tech- 
nology and to grow in the air 
conditioning and refrigera- 
tion profession. 
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The EPA leads the nation’s environ- 
mental science, research, education, 
and assessment efforts. The EPA also 
develops and enforces regulations 
(standards) enacted by Congress, 
offers financial assistance to state 
environmental programs, performs 
environmental research to assess 
environmental conditions, identifies 
future environmental problems, spon- 
sors voluntary partnerships and pro- 
grams such as minimizing greenhouse 
gases, and furthers environmental 
education. 

The certified refrigerant technician 
is a professional who must be famil- 
iar with information pertaining to 
refrigerants and refrigerant handling 
equipment. See Figure 17-2. Sources 
of information include operation 
manuals, technical bulletins, gov- 
ernment documents, and industry 
standards. EPA standards (industry 
standards) are periodically revised to 
reflect changes in the air conditioning 
and refrigeration industry. 

Congress, with the Federal Reg- 
istry, publishes the Clean Air Act 
(Title V1-Stratospheric Ozone Protection). 


The sections of Title VI of interest ` 


to refrigerant technicians are Section 
601—Definitions, Section 602—Listing 
of Class I and Class II Substances, Sec- 
tions 604 and 605—Phase-out of Class 


I and Class IT Substances, and Section 
608—National Recycling and Emission 
Reduction Program. Another source for 
refrigerant technician information is 
the Air Conditioning and Refrigera- 
tion Institute (ARI). 


Air Conditioning and 
Refrigeration Institute 


The Air Conditioning and Refrigeration 
Institute (ARI) is a national trade asso- 
ciation representing 90% of all North 
American manufacturers producing 
air conditioning and refrigeration 
equipment. The standards and pro- 
cedures developed and published by 
the ARI are used for measuring and 
certifying air conditioning and re- 
frigeration equipment performance. 
By using the ARI criteria, products 
are rated on a uniform basis, so 
that technicians and engineers can 
properly make selections for specific 
applications. Many ARI standards 
are accepted as standards by the 
American National Standards Insti- 
tute (ANSI). 


REFRIGERANT TECHNICIAN 


CERTIFICATION 


A certified refrigerant technician 
has passed a core information test 


and one or more certification tests. 
A Refrigerant Transition and Recovery 
Certification card is an ID card that 
documents that the holder is qualified 
to safely recover, recycle, charge, and 
purchase or sell refrigerants. Infor- 
mation about refrigerant certification 
can be obtained from the EPA, ARI, 
or other EPA-authorized testing 
companies and organizations. See 
Figure 17-3. 


Certification Requirements 


Certifying agencies have specific re- 
quirements specifying that persons 
must pass with a 72% (80% mail-in 
Type I) on the core test, and on one or 
more of the Type I, Type II, or Type III 
tests. Registration fees, identification, 
and proof of passing prior tests may be 
required by a certifying agency. 


Certification Classifications 


Certification classification varies with 
the type of air conditioning or refrig- 
eration system refrigerant to be used. 
For example, a small appliance with 
R-12 refrigerant requires a passing 


Chapter 17—Certification Test Preparation 


grade on a 25-question core test and 
a passing grade on a 25-question Type 
I test. The core information test is a 
prerequisite to taking the Type I, Type 
II, and Type III tests. A universal test 
has the core information as part of 
the test. The EPA divides the tests into 
four different parts: 


1. Core Information (prerequisite to 
Type I, Type II, and Type III tests) 

2. Small Appliances (Type I) 

3. High-Pressure Equipment (Type II) 

4. Low-Pressure Equipment (Type III) 


The EPA also has four different 
refrigerant certifications: 


1.Small Appliance certification 
(Type I) requires passing core and 
Type I tests. 

2. High-Pressure certification (Type 
II) requires passing core and Type 
II tests. 

3. Low-Pressure certification (Type 
III) requires passing core and Type 
III tests. 

4. Universal certification requires 
passing core, Type I, Type II, and 
Type III tests. 


Safety 


a High-medium e Small reciprocating and rotary 


High 


Ras | mcrc | Low | 


mcrc | mieh 


Low 


Medium positive-displacement 


Large centrifugal 


RECOVERY, RECYCLING, RECHARGING UNIT 


Specifications 


VONACEM unas > onan 115V 60 Hz 
Refrigerant 

(Conlin: aose ei 30 Ib on board 
Operating 

JSF EC E. o oa 50°F to 120°F 

Filter Dryer... e 43 cu in. in-line 

Pump 

Displacement......... 3 cfm 

Dimensions .......... 50” H x 34” W x 23” D 
Shipping 


vise i +... «seme 225 Ib 


Electronic Scale: 


Manual Air Purge: Remove air from internal storage container. 


Gauges show when to purge air. 
Mounted internally for protection, with 
dampening mechanism to protect against 
impact shocks. 


Internal Storage Container: Permanently mounted to scale. 
Unit of Measure: 


Select pounds or kilograms. 


Figure 17-2. A certified re- 
frigerant technician must be 
familiar with refrigerants 
and refrigerant handling 
equipment. 
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Figure 17-3. Information about 
refrigerant certification can be 
obtained from the EPA, ARI, or 
other EPA-authorized testing 
companies and organizations. 


U.S. Environmental Protection Agency 


Section 608 Technician Certification Programs at web address www.epa.gov 


Section 608 Technician Certification Programs 
Programs appearing on this list are approved to provide the EPA technician certification test. The EPA 


does not review or approve any training preparatory programs or materials. Many programs offer 


testing locations throughout the country. 


For further information concerning section 608 of the Clean Air Act, or any other issue related to 
stratospheric ozone protection, or to obtain copies of regulations or fact sheets, call the 


Stratospheric Ozone Information Hotline. 


Technician Certification Programs 
Air-Conditioning Heating 

& Refrigeration Institute (ARI) 

2111 Wilson Blvd 

Suite 500 

Arlington, VA 22201 

(703) 524-8800 


Operating and Maintenance Engineer Trade 
Training Trust Fund for California and Nevada 
2501 W. Third Street 

Los Angeles, CA 90057 

(213) 385-2889 


Additional Information 
Fee: $45.00 

training materials available 
approved: 9/30/93 


Fee: $45.00 

$50.00 for test and training 
training available 
approved: 10/13/13 


* The EPA list includes 86 other schools, companies, and organizations 


The four levels of certification dic- 
tate the curriculum (equipment) cov- 
ered and the requirements for taking 
the certification tests. For example, a 
universal certification requires that 
the technician pass a 100-question 
universal certification test containing 
25 core questions, 25 Type I questions, 
25 Type II questions, and 25 Type III 
questions. A universal certification 
represents that the technician taking 
the test received at least 18 correct 
answers out of the 25 questions in 
each group. 


Certification Test Preparation 


Certification test preparation is de- 
termined by the type of certification 
desired. Certification tests vary in cost 
and question content. For example, the 
25 questions for a Type I certification 
test come from a bank of questions on 
small appliances. A certifying agency 


typically provides a list of recom- 

mended study materials for preparing 

for a certification test. General sugges- 
tions for certification test preparation 
include the following: 

e Learn as much as possible about 
the test. Obtain information from 
the certifying agency about the test. 
Talk with individuals who have suc- 
cessfully passed the test. Verify that 
the test is the correct test (core, Type 
I, Type II, Type III, or universal) 
for the certification expected. See 
Figure 17-4. 

e Test preparation should be paced. 
Research the topics covered on the 
test. Develop a study schedule and 
focus on specific topics one at a time 
over an extended period of time. 

e Review test study materials over 
several days prior to the test. Any 
review of the material the night 
before the test should be limited. 


e If unfamiliar with the test location, 
drive to the site a few days before 
the test date. 

e Schedule a normal amount of sleep 
the night before the test. 

e Allow ample time for traveling to 
the test site. 


Completing Certification Tests 


General suggestions for completing 
the multiple-choice certification tests 
include the following: 

e Avoid being intimidated and re- 
main calm. The necessary prepara- 
tion for the test has been completed, 
and now, that preparation will 
ensure the expected results. See 
Figure 17-5. 

e After receiving the test, assess the 
amount of time available to com- 
plete it. On the first pass through 
the questions, answer only the 
questions that can be answered with 
absolute certainty. Pace your work 
according to the time allotted for 
each section. 

e Ifa question is skipped, be sure to skip 
that rfumber on the answer sheet. 

e Read each question carefully 
and identify all possible answers. 
Know what is being asked before 
attempting to answer a question. 
Take time to verify that the proper 
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answer blank has been filled in 
completely. 

e On answer sheets to be scanned by 
a machine, correctly fill in the space 
on the answer sheet as instructed. 
Erase any changes completely. 

e If unsure of an answer, lightly mark 
the question number on the answer 
sheet. When finished with the other 
questions, return to the unanswered 
question and, if still unsure after 
checking the question again, elimi- 
nate the obvious incorrect answers. 
Make an educated guess using the 
remaining answers. Avoid picking 
the same letter on three consecutive 
questions; it is possible, but typically 
rare, for three consecutive questions 
to have the same answer. Never leave 
an unanswered question. 

e Beware of doubting your initial 
choice. Do not outguess yourself 
and change a correct answer to a 
wrong one. Never change an answer 
unless you are absolutely sure that 
the new answer is the correct one. 


When finished with the examina- 
tion, review the entire test or answer 
sheet for any missing information or 
answers, misplaced answers, or stray 
marks. The number of answers com- 
pleted on the test or answer sheet must 
match the number of questions. 


e TEST PREPARATION 
SHOULD BE PACED; 
DEVELOP A STUDY 
SCHEDULE FOR AN 
EXTENDED PERIOD 
OF TIME 


e VERIFY THAT TEST 
IS CORRECT TEST 
FOR THE 
CERTIFICATION 
EXPECTED 


e LEARN AS MUCH 
AS POSSIBLE 
ABOUT TEST; 
TALK TO PEOPLE 
WHO HAVE 
PASSED TEST 


e REVIEW STUDY MATERIALS 
OVER SEVERAL DAYS; LIMIT 
ANY REVIEW OF MATERIAL 
THE NIGHT BEFORE 


è IF TEST LOCATION 
IS UNFAMILIAR, 
DRIVE TO TEST 
SITE IN ADVANCE 
OF TEST DATE 


e ALLOW AMPLE TIME 
FOR TRAVELING TO 
TEST SITE THE DAY 
OF TEST 


e SCHEDULE A 
NORMAL AMOUNT 
OF SLEERMHE 
NIGHT BEFORE 
TEST 


Figure 17-4. Technicians 
following general suggestions 
on how to prepare for a re- 
frigerant certification test are 
more likely to pass the test on 
the first attempt. 
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READ EACH QUESTION CAREFULLY AND 
IDENTIFY ALL POSSIBLE ANSWERS 
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BEFORE ATTEMPTING TO 
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FIRST READ THROUGH 
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ERASE ANY CHANGES 


WHEN A QUESTION IS 
SKIPPED, SKIP THAT 
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certification test are more 
likely to pass the test on the 
first attempt. 


Discussion Questions 


How does a certified refrigerant technician stay up to date with changes in the air conditioning and refrigeration 
industry and EPA standards? 


How does the ARI assist technicians working in the air conditioning and refrigeration industry? 
How can a technician acquire information about refrigerant technician certification? 

What scores are required for passage of certification tests? 

How does the EPA classify certification tests? 

How many questions are typically found on a test for universal certification? 

What are some general suggestions for preparing to take certification tests? 


What should be done if a certification test question cannot be answered? 
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Certification Test Preparation 


REVIEW QUESTIONS 


Name Date 


1. Refrigerant certification tests and certifying agencies are overseen by the ___. 
A. OSHA 

B. DOT 

C. ARI 

D. EPA 

2. Since 1970, the EPA has been working fora __ for the American people. 
A. less regulated workplace 
B. friendlier environment 
C. safer workplace 
D. cleaner and healthier environment 


3. The Clean Air Act (Title VI) Section 608-____ is of importance to refrigerant technicians. 
A. Listing of Class | Substances 
B. Definitions 
C. National Recycling and Emission Reduction Program 
D. Significant New Alternatives Policy (SNAP) 


4. The Air Conditioning and Refrigeration Institute is a___ representing 90% of all manufacturers in 
North America producing air conditioning and refrigeration equipment. 


A. government agency 
B. trade association 
C. state society 

D. show organization 


5. By using ARI criteria, ___ are rated on a uniform basis, so that proper selections can be made. 
A. technicians 
B. certification tests 
C. state required certification laws 
D. refrigeration products 
6. A(n)___ is an ID that documents that the holder is qualified to safely recover, recycle, charge, 
and purchase or sell refrigerants. 
A. federal refrigerant card 
B. refrigerant transition and recovery certification card 
C. air conditioning diploma 
D. refrigerant license 


7. A person taking a certification test must receive a score of ___% to receive a passing grade from 
a certifying agency. 
A. 60 
B. 68 
C. 72 
D. 85 
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10. 


11. 


12. 


13. 


14. 


15. 


A_ testis a prerequisite to other certification tests. 
A. universal l 
B. core information 
C. Type | 
D. refrigerant identification 


A typical Type Il test has __ multiple choice questions. 
A. 25 
B. 50 
C. 100 
D. 125 


Prior to taking a certification test, persons should review materials __. 
A. intensively the night before the test 
B. intensively the day of the test 
C. over several days 
D. at different times of the day 


If unfamiliar with the testing location, ___ before the test date. 
A. call the testing agency for directions 
B. acquire a map of the testing city 
C. talk to friends for directions 
D. visit the site a few days 


On the first pass through taking a certification test,__. 
A. answer only the questions that can be answered with absolute certainty 
B. answer only every other question 
C. answer only the questions that deal with Chapter 1 
D. skim through each of the questions 


If a question is skipped on a certification test, the technician __. 
A. is allowed to skip 5 questions 
B. must skip that number on the answer sheet 
C. can request a replacement question 
D. should not guess the answer 


If unsure of an answer, __. 
A. mark all possible answers 
B. make an immediate educated guess 
C. mark any answer 
D. return to the question and eliminate obvious incorrect answers 


When finished with the test, review the entire test for__. 
A. any blank spots that are supposed to be blank 
B. any stray marks 
C. changes in answers 
D. anything until the time is up 


One hundred questidins are ia J s rs Á i E ae Be 
found on a typical universal cer- f U l CC rt f t | 
tification test. The information | d niversal = : ica ion 
covered by the universal test . "d k 

` includes 25 questions each of —" Te st C) uesti ons 
core, Type I, Type Il, and Type III a 
information. 


w 


Name o o o SOO ë Date 


1. Chlorine from ___ rains out of the troposphere and does not reach the stratosphere. 
A. volcanoes 
B. ozone 
C. carbon monoxide 
D. manufacturers 


2. A condenser changes ___ toa____ in a refrigeration system. 
A. high-pressure vapor; low-pressure liquid 
B. high-pressure vapor; high-pressure liquid 
C. high-pressure liquid; low-pressure vapor 
D. low-pressure liquid; high-pressure vapor 


3. Depletion of the ozone layer affects the environment by increasing ___. 
A. plant growth 
B. the amount of flowers that bloom 
C. the body mass of humans 
D. low-level ozone 


4. An increase in UV radiation could result in an increase of ___. 
A. fertility 
B. cataracts cases 
C. marine organism growth 
D. rain 
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5. Ozone molecules are destroyed by the ___ atom of a CFC molecule. 
A. fluorine 
B. carbon 
C. chlorine 
D. oxygen 


6. The ozone layer protects the planet surface from ___. 
A. losing oxygen 
B. chlorine monoxide 
C. UV radiation 
D. hydrogen chloride 


7. Besides recovery and recycling, supplies of CFC refrigerants since 1995 for equipment servicing 
come from __. 


A. hydrated refrigerant 
B. refrigerant sellers 

C. wholesalers 

D. reclamation facilities 


8. On July 1, 1992, it became illegal to __. 
A. use CFC or HCFC refrigerants 
B. manufacture CFC or HCFC refrigerants in the U.S. or import them 
C. knowingly release CFC or HCFC refrigerants in the U.S. or import them 
D. charge CFC refrigerants into a system 
9. ___ of an air conditioning or refrigeration system is accomplished by evacuating the system to 
the required finish vacuum and holding the vacuum to remove moisture. 
A. Pressurization 
B. Initialization 
C. Dehydration 
D. Evacuation 


10. A safety precaution that must be followed is to never use___. 
A. piercing valves 
B. piston pump recovery machines 
C. canvas gloves around refrigerants 
D. oxygen to purge lines or pressurize a system 
11. Technicians who violate the provisions of the ___ can be fined, forced to appear in court, and 
lose their certification card. 
A. Clean Air Act 
B. Montreal Protocol 
C. Omnibus Budget Reconciliation Act 
D. 1990 ANPRM notice 


12. Ester based lubricants can be mixed with ___. - 
A. PFC refrigerants 
B. mineral lubricating oils 
C. glycol lubricating oils 
D. no other lubricating oils 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 
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The Montreal Protocol establishes requirements for phasing out__ substances. 
A. hydrofiuorocarbon 
B. hydrochlorofluorocarbon 
C. perfluorocarbon 
D. blended 
A gray body and a yellow top on a refrigerant cylinder indicates the cylinder is designed to 
hold __. 
A. new refrigerant 
B. recovered refrigerant 
C. dry nitrogen 
D. trace gases 


CFC refrigerants are considered to be __ dangerous to the environment. 
. the most 

. Somewhat 

. hot too 


00 DBD > 


. the least 
— is the recovery process where system components are used to remove refrigerant from 
a system. 

A. The active method 

B. The passive method 

C. The self-contained method 

D. Evacuation 
To determine the safe pressure for leak testing a system with nitrogen, a technician should use 
the__. 

A. high-side test-pressure nameplate value 

B. low-side test-pressure nameplate value 

C. compressor operating pressure 

D. compressor discharge pressure 


Refrigerant labels are placed on cylinders to identify __. 
A. refrigerant to be returned for recycling 
B. pressure 
C. gross weight 
D. the cylinder hauler 


___ is typically used to leak check systems charged with R-134a refrigerant. 
A. A halide torch 
B. Trace gas 
C. Dry nitrogen 


D. Compressed air 


The refrigerant entering the expansion device of a refrigeration system is in a ____ state. 
A. liquid 
B. vapor 

C. liquid-vapor 

D. superheated vapor 
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21. One of the most serious results of ozone layer destruction is a(n) __. 
A. decrease in global warming 
B. decrease in greenhouse gases 
C. increase in skin cancer 
D. increase in tree growth 


22. Recovering refrigerant is required because __. 
A. refrigerants are toxic 
B. adequate supplies are needed after production bans are in effect 
C. money is saved by having reclamation facilities treat the refrigerant 
D. venting the refrigerant is allowed after recovering the refrigerant first 


23. Failure of a system to hold a vacuum at the end of the evacuation process indicates that __. 
A. a leak in the system exists 
B. the system is ready to be charged 
C. the compressor is overpressurizing the system 
D. the metering device (expansion valve) is.not operating 


24. ___ results in a violation of the Clean Air Act. 

A. Failing to recover liquid refrigerant first 

B. Using long hoses on refrigerant recovery machines 

C. Placing recovery cylinders in ice 

D. Failing to reach required evacuation levels before opening or disposing of appliances 
25. Atechnician servicing a refrigeration system with R-22 refrigerant discovers that R-502 refrigerant 

has been added to the system. The technician must ___. 

A. recover the refrigerants for reuse 

B. recycle the refrigerants for use in another system 

C. vent as much of the R-502 refrigerant as possible, then recover the R-22 refrigerant 

D. recover the refrigerants into a separate recovery container for waste disposal 


TYPE | CERTIFICATION Questions 26 through 50 


26. Because small appliances have small amounts of refrigerant charge, the EPA states that small 
appliance leaks should be repaired __. 


A. within 30 days 

B. when 35% of the charge escapes within a 12-month period 
C. according to a submitted plan 

D. whenever possible 


27. Piercing-type access valves are used to enter systems through tubing made of ___. 
A. iron 
B. plastics 
C. copper 
D. steel 


28. Because CFC and HCFC refrigerants typically have no odor, a strong, pungent odor during system 
servicing is a strong indication that __. 


A. excessive moisture is in the system 

B. acompressor burnout has occurred 

C. the system has a ternary blend of refrigerants 
D. the refrigerant has been reclaimed 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 
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When system pressure of a small appliance is__, the recovery process must not be started. 
A. Opsi 
B. 14.7 in. Hg abs 
C. 0 psia 
D. 130 psi 


The EPA requires capturing 80% of the refrigerant from a small appliance that has a nonoperating 
compressor if the recovery equipment was manufactured __. 


A. after November 15, 1993 
B. before November 15, 1993 
C. outside of North America 
D. by a private citizen 
— is a refrigerant blend of R-32, R-125, and R-134a refrigerants and is a popular ternary 
near-azeotropic mixture. 
A. R-401a 
B. R-407c 
C. R-500 
D. R- 502 
Recovery equipment used to recover refrigerant from small appliances for the purpose of disposal 


must be able to recover 80% of the refrigerant from a system with a nonoperating compressor 
and ____% from a system with an operating compressor. 


DOD > 
© 
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When , an excessive pressure condition on the high-pressure side of a self-contained (active) 
recovery device will exist. 


A. the recovery container blue valve has not been opened 

B. the system compressor is not operating 

C. the blue Schrader valve on the system has not been opened 
D. there is excessive air in the recovery container 


and ___ refrigerants create a binary refrigerant blend. 

A. R-11; R-12 

B. R-12; R-134a 

C. R-12; R-22 

D. R-22;R-115 
When solderless-type piercing access valves are used, the valves must not remain installed on 
refrigeration systems after completion of repairs because solderless-type piercing valves __. 

A. would dramatically increase the cost of small appliance servicing 

B. create an excess amount of resistance to system flow 

C. tend to leak over time 

D. fail closed, causing compressor damage 
When used as a refrigerant for small appliances such as campers or recreational vehicles, __ 
is recovered with specialty recovery devices. 

A. R-22 

B. R-205 

C. ammonia 

D. Halon 
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37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


Vapors from refrigerants such as R-12, R-22, and R-500 can cause suffocation because the 
refrigerants __. 


A. are toxic 

B. mix with oxygen and create a toxic substance (chlorine monoxide) 

C. are heavier than air and displace oxygen 

D. are lighter than air and cause unconsciousness 
When a graduated charging device is being used to fill a cylinder, vented refrigerant from the 
cylinder __. 

A. need not be recovered 

B. must be recovered 

C. is considered a de minimis release 

D. is not classified under Section 608 
Refrigerant recovery machines must be connected to recovery containers and small appliances 
by hoses and low-loss fittings that__. 

A. leak de minimis amounts of refrigerant when used for more than one disconnect 

B. leak de minimis amounts of refrigerant during normal use 


C. can be manually closed or closed automatically when disconnected to prevent loss of 
refrigerant from the hoses 


D. cannot not be twisted 


As of November 14, 1994, the sale of CFC and HCFC refrigerants was __. 
A. banned, except for technicians that are Section 609 certified 
B. limited to technicians purchasing less than 5 Ib 
C. restricted to technicians certified in refrigerant recovery 
D. allowed only if the refrigerant was recycled 


After installing an access fitting onto a sealed small appliance system, __. 

A. the fitting must be leak tested before proceeding with recovery 

B. it is not necessary to leak test an access fitting 

C. the fitting need not be leak tested until the total repair is completed 

D. the system must be pressurized with dry nitrogen before leak testing can be attempted 
During the system-dependent (passive) recovery process, both the high-pressure and low-pressure 
sides of the small appliance must be accessed for refrigerant recovery when the __. 

A. pilot line of the TXV valve is clogged 

B. system has been overcharged 

C. compressor does not run 

D. condenser medium is at an excessively high temperature 
When a large leak of refrigerant occurs such as from a filled cylinder in an enclosed area, and no 
self-contained breathing apparatus is available, the technician must __. 

A. use butyl-lined gloves and a dust mask and try to stop the leak 

B. vacate and ventilate the leak area 

C. turn the cylinder upside down to force liquid refrigerant to the leak 

D. use an M-2 mask 


On small appliances, the mandatory access service port (aperture) typically is __. 
A. a straight piece of tubing 
B. a fitting located anywhere but 15” below the compressor 
C. installed at the factory in the suction line with 4” diameter machine threads 
D 


. not present because small appliances are exempt from this requirement 
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45. When a reclamation facility receives a container of mixed refrigerants, the reclamation facility ___. 
A. may refuse to reclaim the refrigerant mixture 
B. will separate the refrigerant mixture 
C. will process and store the refrigerant mixture for an additional cost 
D. may resell the refrigerant mixture to a company with the same type of small appliance 


46. When nitrogen is used to pressurize a small appliance, the nitrogen tank must be equipped with 


. fill sensor 


A 

B. regulator and relief valve 

C. four-valve gauge manifold 
D 


. filter regulator lubricator (FRL) 
47. When performing a passive recovery process, a technician must ____ of the small appliance and 
recover refrigerant from the high-pressure side of the system. 
A. access the refrigerant through the metering device 
B. bypass the metering device 
C. access the refrigerant from the top of the condenser 
D. run the compressor 
48. Technicians receiving a passing grade on the core and small appliance examinations are certified 
to charge refrigerant into__. 
A. heat pumps with 5 Ib or less of refrigerant 
B. freezers with 10 Ib or less of refrigerant 
C. low-pressure systems 
D. high-pressure split systems 


49. A small appliance, according to EPA regulations, __. 


A. is manufactured with 5 Ib or less of refrigerant charge and is hermetically sealed at 
the factory 


z B. is manufactured with less than 15 Ib of refrigerant and has an open compressor 
C. is a system with a compressor under % hp 
D. operates at pressures greater than 450 psi 


50. Refrigerant containers being used to ship refrigerant must meet ____ standards. 
A. Occupational Health and Safety Administration (OSHA) 
B. Department of Transportation (DOT) 
C. Environmental Protection Agency (EPA) 
D. Air Conditioning and Refrigeration Institute (ARI) 


TYPE II CERTIFICATION Questions 51 through 75 


51. A technician typically removes ice from a sight glass by __. 
A. warming the sight glass with a cylinder heater 
B. scraping with a scraper or screwdriver 
C. using warm water 
D. spraying with alcohol 
52. Typically, the most common maintenance task that must be performed on refrigerant recycling ma- 
chines isto___. 
A. change the oil and filter 
B. change the electrical cord 
C. replace the compressor seals 
D. replace the gauges 
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53. When using recovery and recycling equipment manufactured after November 15, 1993, technicians 
must evacuate a high-pressure appliance containing 350 Ib of CFC-12 to__ before disposing of 
the appliance. 


A. Opsi 
B. 4” Hg vacuum 
C. 10” Hg vacuum 
D. 15” Hg vacuum 
54. Appliances containing CFC refrigerants need only be evacuated to atmospheric pressure 
when __. 
A. the repair is major 
B. the repair is followed by an evacuation of the appliance to the environment 
C. leaks in the appliance make evacuation to the prescribed level unattainable 
D. the appliance is being disposed of 


55. A technician servicing an 80-ton split system finds that the easiest way to determine which refrig- 
erant to add to the system isto___. 


A. analyze a sample of the refrigerant 

B. use pressure readings of the system while operating 
C. look at the nameplate of the system 

D. ask the owner of the system 


56. EPA regulations require that leaking commercial and industrial process refrigeration systems be 
repaired when the leak rate exceeds ___% of the charge per year. 


A. 0 
B. 15 
C. 25 
D. 35 


57. Replacement of a(n) ___ is a repair that would always be considered “minor” under EPA 
regulations. 


A. evaporator coil 
B. filter/dryer 

C. metering device 
D. compressor 


58. A suction service valve that is cracked off of the backseat will have __. 
A. the gauge port closed 
B. the system port closed 
C. the gauge port closed and the system port open 
D. all ports open 


59. High-pressure systems that use R-134a refrigerant are leak checked with ___. 
A. pressurized nitrogen 
B. oxygen 
C. compressed air 
D. R-134a refrigerant sensors 


60. When using recovery and recycling equipment manufactured before November 15, 1993, 
technicians must evacuate an appliance containing 75 Ib of CFC-500 to__ before making 
a major repair. 


A. O psig 

B. 4” Hg vacuum 
C. 10” Hg vacuum 
D. 15” Hg vacuum 


61. 


62. 


63. 


64. 


65. 


66. 


67. 
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When a condenser is below the receiver of a high-pressure system, refrigerant recovery must begin 
fromthe __. 


A. outlet of the condenser 

B. discharge of the compressor 

C. liquid line entering the evaporator 
D. suction side of the compressor 


All air conditioning and refrigeration systems should be protected bya ___. 
A. gauge manifold 
B. sight glass/moisture indicator 
C. service (king) valve 
D. receiver 


Recovering refrigerant from a high-pressure system in & state minimizes the loss of 
compressor oil. 


A. solid 

B. liquid/vapor 

C. liquid 

D. vapor 
When first inspecting a system with a hermetically sealed compressor when the system is known 
to be leaking, a technician should look for__. 

A. ice/frost around the area that is leaking 

B. traces of liquid refrigerant 

C. traces of refrigerant oil 

D. a plugged filter/dryer 


The removal of refrigerant from a system can be accomplished more quickly by __. 

A. heating the recovery container with a heating pad 

B. using long hoses between the recovery unit and recovery container 

C. recovering as much of the refrigerant as possible in a vapor state 

D. transferring the refrigerant to an empty, evacuated storage container 
After the required refrigerant recovery vacuum for an appliance has been achieved, a technician 
must ___. 


A. immediately disconnect the recycling or recovery equipment and open the system for 
service 


B. pressurize the system with a mixture of nitrogen and refrigerant to perform a leak test 
C. wait for the vacuum to dissipate 
D. waita few minutes to see if the system pressure rises, indicating that there is still refrigerant 
in a liquid state or in the oil 
Deep vacuums are measured in __. 
A. microns 
B. psi 
C. psia 
D. inches of mercury absolute 
Before recovering refrigerant from a system with R-22 refrigerant, a technician using a recovery/ 
recycling machine to recover R-502 refrigerant must _—. 
A. do nothing, as long as the recovery machine storage container is not full 
B. change oil in the recovery machine and use an empty recovery container 
C. change the expansion valve, hoses, and oil on the recovery machine 
D. 


recover as much of the R-502 from the recovery machine as possible, change the filter, 
and evacuate 
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69. 


70. 


71. 


72. 


73. 


74. 


75. 


The ____ is part of the low-pressure side of a high-pressure system. 
. condenser 
receiver 


. liquid line 


0 oO > 


. accumulator 


System-dependent recovery equipment can only be used when the __. 

A. compressor of the appliance is not operational 

B. ambient temperature is over 125°F 

C. appliance contains under 15 Ib of refrigerant 

D. appliance is leaking 
When a new system has been assembled (built up) and is ready for leak testing, the first pro- 
cedure to accomplish is to___. 


A. pressurize the system with an inert gas 


w 


evacuate the system 
C. pressurize the system with the refrigerant to be used 
D. ensure that the compressor is operational 
After a technician follows the proper procedures for isolating the compressor of a R-502 system 


to be replaced, and the recovery equipment (manufactured after November 15, 1993) recovers 
40 Ib of refrigerant, the technician must __ and replace the compressor. 


A. evacuate and hold the isolated section to 10” Hg vacuum 


w 


evacuate and hold the isolated section to 15” Hg vacuum 

C. pressurize the isolated section to 0 psi 

D. pressurize the isolated section to 0 psia 
Technicians save time recovering refrigerant from a high-pressure system by removing as much 
of the refrigerant as possible in the ____ state. 

A. liquid 


à 


B. vapor 
C. liquid-vapor 


D. inert 


After liquid refrigerant has been recovered from a high-pressure appliance, refrigerant vapor __. 
A. remains in the system with the next charge 
B. is condensed by the recovery machine and recovered 
C. is moved by the system compressor to the system receiver 
D. is isolated in the system condenser 
Refrigerant cannot be recovered without isolating the compressors of a parallel compressor system 
because __. 
A. only one compressor is required to recover the refrigerant 
B. of an open equalization connection 
C. the compressors are before and after the system accumulator 
D 


. of the volume of refrigerant (more than 15 Ib) 


TYPE Ill CERTIFICATION 


76. 


77. 


78. 


79. 


80. 


81. 


82. 
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Questions 76 through 100 


It is not true of low-pressure recycling and recovery equipment manufactured after November 15, 
1993, that the equipment must __. 


A. be tested by an EPA-approved third party 


B. meet vacuum standards more stringent than those met by equipment manufactured before 
November 15, 1993 


C. be equipped with low-loss fittings 


D. be able to handle more than one refrigerant 


After recovering the liquid refrigerant from a low-pressure chiller, a technician must ___. 

A. recover the oil from the system 

B. pressurize the system with hot water 

C. recover the refrigerant vapor 

D. solvent-flush the entire system 
Technicians must be aware that when evacuating a system to prescribed levels, the use of __ 
could cause trapped water to freeze. 

A. a moisture dryer 

B. alarge vacuum pump 

C. nitrogen 

D. R-22 
A technician recovering refrigerant from a chiller suspected of having leaking tubes must__ as 
a precaution. 

A. drain the water from the evaporator and condenser 

B. increase the rpm of the compressor 

C. verify that the purge unit is operating properly 

D. remove a rupture disk 


When recovering refrigerant vapor from a low-pressure system, the ___ water supply must be ON. 

A. chiller condenser 

B. chiller evaporator 

C. recovery machine condenser 

D. recovery machine evaporator 
ASHRAE Standard 15-1994 requires that each machinery room shall activate an alarm and me- 
chanical ventilation before refrigerant concentrations exceed the __. 

A. threshold limit value — time weighted average (TLV — TWA) 

B. upper threshold limit (UTL) 

C. coefficient of performance (COP) 

D. emergency exposure limit (EEL) 
When using recovery and recycling equipment manufactured after November 15, 1993, technicians 
must evacuate low-pressure appliances to a level of ___ before disposing of the appliance. 

A. Opsi 

B. 15” Hg vacuum 
C. 25” Hg vacuum 
D 


. 29” Hg vacuum 
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83. Replacing a(n)__is considered a “major” repair under EPA regulations. 
A. filter/dryer l 
B. condenser fan motor 
C. switch 
D. evaporator coil 
84. EPA regulations require that all commercial and industrial low-pressure appliances containing 


more than 50 Ib of refrigerant be repaired when the leak rate exceeds % of the charge per 
year. 


A. 15 
B. 25 
C. 35 
D. 45 


85. Low-pressure appliances can be pressurized to atmospheric pressure when ___. 
A. the repair is major 
B. the repair is followed by an evacuation of the appliance to the environment 
C. leaks in the appliance make evacuation to the prescribed level unattainable 
D. the appliance is being disposed of 


86. A leak detector probe used to check for refrigerant leaks in a condenser water box should be 
placed through a(n) ___ once the water is removed. 


A. rupture disc opening 
B. open relief valve 

C. test plug opening 

D. open drain valve 


87. Leak testing a low-pressure chiller with nitrogen in excess of 10 psi could cause the ____ to fail. 
A. condenser tubes 
B. purge unit shells 
C. evaporator tubes 
D. rupture disc 


88. Under EPA regulations, ___ can be used to pressurize a low-pressure system for nonmajor repairs. 
A. warming the refrigerant with hot water 
B. oxygen 
C. compressed air 
D. nitrogen 


89. When pressurizing an empty low-pressure system for leak testing, the maximum test pressure allowed 
is___ psi. 
A. 5 
B. 10 
C. 20 
D. 29 


90. To remove refrigerant oil from a low-pressure system, the compressor oil should be heated to 
___°F, because less refrigerant contaminates the oil at the higher temperature. 


A. 85 
B. 130 
C. 180 
D. 212 


91. 


92. 


93. 


94. 


95. 


96. 


97. 


98. 


Chapter 18—Universal Certification Test Questions 


Water must be circulated through a chiller during system evacuation in order to__. 
A. prevent the freezing of water 
B. keep the refrigerant from vaporizing 
C. separate refrigerant oil from the refrigerant 
D. maintain a constant refrigerant pressure 


R-123 falls under the __ code group of ASHRAE Standard 34. — 
A. A1 

B. A3 

C. B1 

D. B2 


When evacuating the refrigerant from a low-pressure chiller, the high-pressure cutout of the 
recovery machine is set for ___ psi. 


A. 2 
B. 5 
C. 10 
D. 15 


A purge unit removes ____ from the refrigerant in a low-pressure chiller. 
A. excess heat 
B. compressor oil 
C. solids 
D. water (moisture) and air (noncondensables) 

Charging refrigerant liquid into a refrigeration system under a 29” Hg vacuum can cause the ___. 
A. refrigerant to absorb excess moisture 

purge unit to operate 

system water to freeze 


oo 


lubricating oil to freeze 


R-11 or R-123 system refrigerant recovery starts with ___. 
refrigerant vapor removal 
liquid refrigerant removal 


pressurizing the system 


Dow > 


oil separation 


After reaching the required recovery vacuum on a low-pressure appliance, technicians must __. 
A. immediately break the vacuum with nitrogen and open the system for service 


B. wait a few minutes to see if system pressure rises, indicating that there is still refrigerant 
in liquid form or in the oil 


C. immediately pressurize the system with nitrogen and perform a leak check 

D. wait a few minutes and repeat the process 
According to ASHRAE guideline 3-1990, if the pressure in a system rises from 1 mm Hg to a level 
above ____ mm Hg during a standing vacuum test, the system should be checked for leaks. 

A. 1.5 
B. 2.0 
©, BS 
D. 3.0 
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99. Refrigerant R-11 at a pressure of 18.1” Hg vacuum has a saturation temperature of ___ °F. 
A. 28 

B. 32 

C. 36 

D. 40 

100. A typical low-pressure chiller rupture disc relieves pressure at ___. 
A. 12.2 psia 

B. Opsi 

C. 15 psi 

D. 20 psi 
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Zeotropic-HCFC 
Zeotropic-HFC 
Dark blue Zeotropic-HFC 


Medium gray 


Deep green 


Medium brown 


Zeotropic-HCFC | Mustard yellow 
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LE eS 
Refrigerant Usage Log 


Job Number: 
WnittNanjes —— — ——— =- ~ Unit Location: 


Equipment Description: 


Refrigerant Type: —————~—~—~—————— — — — Oil Type: 

Filter Changed (Y/N): ——————_______-_ -._ Amount of Oil Removed: 
AMOUntReCOveICOs = ——— —— —— c Recovery Unit: 

Why Recovered: ————________________ Serial Number: 


Recovered Sent to: 


Amount Recycled: — ee ~ — Recycling Unit: 


Why Recycled: Serial Number: 


Recycled sent to: 


Amount Charged: Charging Unit: 
Reason for Charge: Serial Number: 
Acid Test: 


Moisture Test: 


Date: ———________________ Technician Signature: 


Comments: 
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ee ee a Oe a a 
New Refrigerant Use Log 


Employee Name Employee No... Truck No. 


Week End Date eS Page 


of 


BE 


Received by 


Empty disposable tanks turned in 


Reclaim refrigerant returned 
Quantity by pound 


New refrigerant given 


Contaminated/mixed refrigerant Lb of Refrigerant e aml Drum Serial No. |i. call 
returned in red-tagged drum Received by = Date [E 
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Refrigerant Recovery Report 


Customer Name Date 


(ks eee OO OINO: 


Equipment Manufacturer "Model Number Serial Number Refrigerant Type 


Reason for Incident 
Integrity of Refrigerant Acid C] Yes [C] No Moisture [| Yes C] No 


Refrigerant Recovery Model Nol sd Company Serial No. —. = 


Hour Meter Reading: Start —————————— Finish — ECCS Company Serial No. of Recovery Drum 
Weight of Recovery Drum: Start ____ Finish _____ Total Ib Refrigerant Recovered 
Refrigerant Filtered and Dried during Removal? [| Yes [| No Compressor Meg Reading before Removal 
Disposition of Refrigerant: C] Recycle E Reclaim [| Disposal 


Comments: 


Leak Repair Report 


Method Used for Leak Detection 


Materials Used for Leak Detection 


All Refrigerant Removed Prior to Putting in Nitrogen? [_ ]Yes a No 
Nitrogen Vented to Atmosphere? [ | Yes [ No Customer Advised? [ | Yes (eu No 


Reason Leak Happened? 


Method Used to Repair Leak and Improvements Made to Keep This from Happening Again 


Technician Name___ Employee Number 


Customer Signature — Date 
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Appliance Inventory Report 


Installation Date: — = S Disposal Date: 

Appliance Name/Designation: ———— —  — —ć | Facility Manager: —__ 
Appliance Location: Phone Number: 
Manufacturer: Model: 

Serial Number: Capacity (Btu/Ton): 
Refrigerant Type: Refrigerant Quantity (Ib/oz): 
VolVPhaselkhz == == ——— q= == ~ _ Lubricant: 


Duty Type (Comfort, Process, Under 50 Ib, Other): 


Approximate Quantity of Refrigerant Added (per Year): 


Approximate Repair Costs (per Year): 


Containment Upgrades Added: 


Estimated Costs 


Contain: 


Engineering Retrofit: 


Replace: 


Recommendation 


Contain: 


Engineering Retrofit: 


Contain: 


Engineering Retrofit: 


Replace: 


Comments: 
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Accidental Refrigerant Release Report 


Job Number/Charge Number: Report Number: 


Technician Name: Service Date: 


Event Location (Address, Building, Area/Unit Location): 


Leak Location: 


Refrigerant Type: Equipment Name/Number: 


Approximate Ib of Refrigerant Vented: 


Description of Event: 


Why did the event occur? 


What future precautions will be used to prevent this kind of event? 


LR rm en LL OE 
Who was aware of the situation (Name, Employee Number)? 


NN SSS a EE 
Who has been informed of the situation (Name, Employee Number)? 


Signed: 


Date: 
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Te 
Appliance Disposal Report 


Disposal Date: 


Appliance Name/Designation:__ === = Technician Name: 

Appliance Location: — ——~—~—~ == Certification Number: —— o ăć >~ Žž —ć — 
Manufacturer: 

Model: Serial Number: 

Capacity (Btu/Ton): ————~~~~~————— Refrigerant Type: 

VowReRaseliz: ~ —— Lúbricant: 


Duty Type (Comfort, Process, Under 50 Ib, Other): 


Disposal Destination: 


Recovery/Recycle Equipment Used: 
System Pressure during Evacuation (inches of Hg vacuum): ———— — — ~~~ 
Refrigerant Extracted (Ib/oz): ——————— Cylinder Used: —————— ~~~ 


Comments: 


Å 
eee ee M H UU OŘ- Á a MUM eee 
| hereby certify that the recovery equipment was used properly and that the refrigerant was evacuated to EPA's 


specified levels. 


Signed: —————_____________________ Date: —— 
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Recovery/Reclaimed Refrigerant Shipping Log 


Se 


Cylinder ID 


Refrigerant 


Type- 


Ship | 
Date 


Total Refrigerant: 
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Refrigerant Purchase Log 


For Month of: 


Mir 
© 
= 
5 


Purchase 
p Order # 


Amount of | 
Purchase 


Supplier 


wee 


Type a ID 


Total Refrigerant: 
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RE ar O 
Request for Laboratory Analysis | 


Co re Purchase Order Number: 
Address: —— > == = == ç Sample Cylinder Number: 
Giy: T a E ë USONE Rererence: 
Stt — = Zp: ————— Contact 

Phone me =e TE e o a a Fax: 


Re SA E i 


Analysis Requested: 


Refrigerant Type: 

Complete Analysis: ____ Purity (99.6%) ———————— Moisture (10 ppm max) 

Chloride (Pass/Fail) __. Residue (.01 max) ——— Particulates/Solids (Pass/Fail) 

Acidity (3 ppm max). Noncondensable gases ——— (test must be performed on a vapor sample) 
Refrigerant Type: 

Complete Analysis: ———— Purity (99.6%) —____________ Moisture (10 ppm max) 

Chloride (Pass/Fail) ———— Residue (.01 max) —______-. Particulates/Solids (Pass/Fail) 

Acidity (3 ppm max) Noncondensable gases ____ (test must be performed on a vapor sample) 
Halon Type: 

Complete Analysis: Purity (99.6%) ______ . Moisture (10 ppm max) 

Halon™ lon (Pass/Fail) Residue (.01 max) __________. Suspended Matter (Pass/Fail) 

Acidity (3 ppm max) _____ Noncondensable gases _____ (test must be performed on a vapor sample) 
a or cr SS Se) 
Comment: 

Signaturey__ ~ e — © ODD 


Ship sample and request form to: 


Glossary 


ooo 


absolute pressure: Any pressure above a perfect 
vacuum (0 psia). 

active recovery: A refrigerant recovery process 
using a self-contained recovery unit (machine). 

Air Conditioning and Refrigeration Institute 
(ARI): A national trade association representing 
90% of all North American manufacturers producing 
air conditioning and refrigeration equipment. 

alkylbenzene: A synthetic lubricant made from pro- 
pylene and benzene that is used with HCFC-based 
refrigerants and refrigerant blends. 

American Society of Heating, Refrigeration, 
and Air Conditioning Engineers (ASHRAE): 
An organization that advances the arts and sci- 
ences of heating, ventilation, air conditioning, 
and refrigeration systems. 

atmospheric pressure: The force exerted by the 
weight of the atmosphere on the surface of the Earth. 

azeotropic mixture: A refrigerant blend that behaves 
like a new refrigerant made from one chemical. 


B 

backseat a valve: To turn the valve in the counter- 
clockwise direction to bring the valve stem to the 
front position. 

blend: A mixture of two or more different chemical 
compounds. 

boiling point: The temperature at which a liquid 
vaporizes. 


C 

caution: A signal word that is used to indicate 
a potentially hazardous situation which, if not 
avoided, may result in minor or moderate injury. 

chemical gloves: Gloves made of rubber (butyl), 
Silver Shield™, or neoprene and used to provide 
protection when handling refrigerants. 


chiller: A piece of refrigeration equipment that 
removes heat from water that circulates through a 
building for cooling purposes. 

chlorofiuorocarbon (CFC) refrigerant: A refrigerant 
that consists of chlorine, fluorine, and carbon. 

class I substance: A refrigerant that poses the 
highest danger to the environment. 

class II substance: A refrigerant that is considered 
to present a medium danger to the environment. 

code: A regulation or minimum requirement. 

compressor: A mechanical device that compresses 
refrigerant or other fluid. 

compressor discharge pressure: The pressure creat- 
ed by the resistance to flow of the refrigerant when 
discharged from the compressor. 

compressor suction pressure: The lower pressure 
created at the suction port of a compressor as 
refrigerant is drawn into the compressor. 

condenser: A heat exchanger that removes heat from 
highpressure refrigerant vapor. 

condensing medium: A fluid (air or water) that has 
a lower temperature than the refrigerant, which 
causes heat to flow to the medium. 

condensing point: The temperature at which a vapor 
condenses to a liquid. 

cylinder unloader: A device that holds the suction valve 
closed or holds the suction valve open on a cylinder. 


D 


danger: A signal word that is used to indicate an im- 
minently hazardous situation which, if not avoided, 
will result in death or serious injury. 

decibel (dB): A unit of measure used to express the 
relative intensity of sound. 

dehydration: The process of removing moisture 
(water vapor) from air conditioning or refrigeration 
systems. 
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disposable container (cylinder): A container used 
only with new refrigerants. 

DOT reusable container: An empty container that 
is shipped to a facility where the container will 
be filled, labeled with a DOT classification tag, 
and shipped again. 


E 

earmuff: An ear protection device worn over 
the ears. 

earplug: An ear protection device made of mold- 
able rubber, foam, or plastic that is inserted into 
the ear canal. 

electronic leak detector: A leak detector that detects 
the presence of halogen gas. 

Environmental Protection Agency (EPA): A gov- 
ernment agency that protects human health and the 
environment. 

evacuation: The process of removing air and moisture 
from air conditioning or refrigeration systems. 

evaporating medium: A fluid (air or water) that is 
cooled when heat is transferred from the medium 
to the cold refrigerant. 

evaporator: A heat exchanger where heat is absorbed 
into the lowpressure liquid refrigerant. 

expansion valve: A valve or mechanical device that 
reduces the pressure of liquid refrigerant by allowing 
the refrigerant to expand. 

explosion warning: A signal word that is used to indi- 
cate locations and conditions where exploding parts 
may cause death or serious personal injury if proper 
precautions and procedures are not followed. 

eye protection: Devices that must be worn to prevent 
eye or face injuries caused by flying particles or 
refrigerant spray. 


F 


face shield: An eye and face protection device 
that covers the entire face with a plastic shield 
and is used for protection from flying objects or 
splashing refrigerants. 

fire point: The temperature (higher than flash point) 
at which a fluid will burn for at least 5 seconds. 


fixed leak detector: A stationary leak detector 

` system with sensors and controllers to detect one 
specific type of refrigerant. 

flash point: The temperature at which a fluid’s vapor 
will ignite without the fluid igniting. 

fluorescent leak detector: A leak detector that uses 
a UV light to detect fluorescent dye that was added 
to a system. 

fractionation: When liquid and vapor are coexisting 
simultaneously, with one or more refrigerants of a 
blend leaking at faster rates than other refrigerants 


of the same blend. 


G 

gauge manifold: A device that has two gauges, a 
manifold with valves, and connecting hoses to 
control refrigerant transfer. 

gauge pressure: Pressure above atmospheric 
pressure that is used to express pressures inside 
a closed system. 

global warming potential (GWP): A number giv- 
en to refrigerants to represent the relative global 
warming potential of a refrigerant (refrigerants are 
considered greenhouse gases). 

glycol: A refrigerant lubricant used with HFC-based 
refrigerants. 

goggles: An eye protection device with a flexible 
frame that is secured on the face with an elastic 
headband. 


H 

halide torch leak detector: A leak detector that uses 
a torch flame that changes color depending on which 
refrigerant is exposed to the copper element. 

hot gas discharge line: The pipe or tubing that 
connects the compressor to the condenser. 

hydrochlorofluorocarbon (HCFC) refrigerant: A 
refrigerant that consists of hydrogen, chlorine, fluo- 
rine, and carbon. 

hydrofiuorocarbon (HFC) refrigerant: A refriger- 
ant that consists of hydrogen, fluorine, and carbon. 

hydrostatic tube test kit: A set of tools used to 
determine if tubes are leaking in the condenser 
of a chiller. 


L 


leak detector: A device that is used to detect re- 
frigerant leaks in a pressurized air conditioning 
or refrigeration system. 

liquid line: The refrigerant pipe or tubing that connects 
the condenser outlet and the expansion device. 

lockout: The process of removing the source of 
electrical power and installing a lock that pre- 
vents the power from being turned ON. 

low-loss fittings: Special fittings that prevent the 
release of refrigerant from a system to the atmo- 
sphere and prevent air from entering the system. 


M 


mechanical compression refrigeration: A 
refrigeration process that produces a refrigeration 
effect with mechanical equipment. 

mercury barometer: An instrument used to 
measure atmospheric pressure and calibrated in 
inches of mercury absolute (in. Hg abs). 

metering device: A valve or orifice in a refrigeration 
system that controls the flow of refrigerant into the 
evaporator to maintain the correct evaporating me- 
dium temperature. 


O 

orifice-type metering device: A small, fixed opening 
that is used as a restriction in the liquid line between 
the condenser and the evaporator of a refrigeration 
system. 

ozone depletion potential (ODP): A number given to 
refrigerants to represent the relative ozone depletion 
potential of a refrigerant. 


P 

passive recovery: A refrigerant recovery process 
achieved with the assistance of system compo- 
nents to remove the refrigerant from the system 
(pump-down). 

perfluorocarbon (PFC) refrigerant: A refrigerant 
that consists of carbon and fluorine and that does not 
deplete stratospheric ozone but has an extremely high 
global warming potential. 
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personal protective equipment (PPE): Gear worn 
by technicians to reduce the possibility of injury 
when charging, recovering, or recycling refrigerants. 

pour point: The lowest temperature a fluid can be at 
and still flow. 

pressure: The force per unit of area that is exerted 
by an object or a fluid. 

pressure-temperature (P-T) chart: A reference tool 
used to determine the pressure of a refrigerant at a 
given temperature or to determine the temperature 
of a refrigerant at a given pressure. 

protective clothing: Clothing made of durable ma- 
terial such as denim and provides protection from 
contact with sharp objects, cold equipment, and 
harmful materials. 

protective helmet: A hat that is used in work areas 
to prevent injury from the impact of falling and 
flying objects. 

purge unit: A device that removes noncondensables 
(air and moisture) from the centrifugal system 
during normal operation and returns the recycled 
refrigerant to the system. 


R 


refrigerant: A fluid (liquid or vapor) in a refrigeration 
system that accomplishes heat transfer by absorbing 
heat (evaporator) to change state from a liquid to a 
vapor or giving up heat (condenser) to change state 
from a vapor to a liquid. 

refrigerant document: A form used for proving in- 
nocence in the face of an accusation of misconduct. 

refrigerant oil: Oil used to lubricate the compressor 
bearings of a refrigeration system. 

refrigerant reclaiming: The reprocessing of used 
refrigerant to meet new refrigerant standards, 
which includes chemical analysis to verify purity. 

refrigerant recovery: The removal of refrigerant 
in any condition from a system without testing or 
processing the refrigerant and storing the refrigerant 
in an external container. 

refrigerant recycling: The removal of refrigerant 
from a system and the cleaning of the refrigerant 
for reuse. 
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refrigerant retrofit: The changing of refrigerants 
by following the instructions of the manufacturer 
for refrigerant replacement. 

refrigerant transition and recovery certification 
card: An ID card that documents that the holder 
is qualified to safely recover, recycle, charge, and 
purchase or sell refrigerants. 

refrigeration: The process of moving heat from 
an area where it is undesirable to an area where 
the heat is not objectionable. 

refrigeration system: A closed system that controls 
the pressure and temperature of a refrigerant to 
regulate the absorption and rejection of heat by 
the refrigerant. 

respirator: A device worn by technicians to protect 
against the inhalation of potentially hazardous 
refrigerant vapors. 

reusable container (cylinder): A gray container 
with a yellow top designed to receive refrigerant 
and have refrigerant extracted. 

rupture disc: A nonmechanical pressure-relieving 
device that bursts open to relieve an overpressure 
condition at a predetermined pressure differential 
and specific temperature. 


S 

safety data sheet (SDS): A printed document used 
to relay hazardous material information from 
the manufacturer, importer, or distributor to the 
technician. 

safety glasses: An eye protection device with special 
impact-resistant glass or plastic lenses, reinforced 
frames, and possibly side shields. 

safety label: A sticker that indicates areas or tasks that 
can pose a hazard to personnel and/or air conditioning 
and refrigeration equipment. 

service aperture: A device used to add or remove 
refrigerant from a system. 

standard: An accepted reference or practice. 

subcooling: The cooling of a refrigerant to a tem- 
perature that is lower than the saturated temperature 
of the refrigerant for a particular pressure. 

suction line: The pipe or tubing that connects the 
evaporator and the suction port of the compressor. 


superheat: The heat added to a refrigerant after the 
_ refrigerant has changed state into a vapor. 


T 

tagout: The process of placing a danger tag on the 
source of electrical power, which indicates that the 
equipment may not be operated until the lock and/ 
or danger tag is removed. 

temperature glide: A range of temperatures where 
refrigerants condense or evaporate for one given 
pressure. 

thermostatic expansion valve (TXV): A valve that 
uses the temperature of the refrigerant discharged 
from an evaporator to control the liquid refrigerant 
flowing into an evaporator. 


U 


ultrasonic leak detector: A leak detector that senses 
the sounds created by a leak. 

ultraviolet radiation: The portion of the light spectrum 
that is damaging to living organisms. 


V 

vacuum: Any pressure lower than atmospheric 
pressure. ; 

vacuum pump: A device used to create pressures 
below atmospheric pressure (vacuum in in. Hg) in 
a closed system. 

viscosity: The measurement of a fluid’s internal 
resistance to flow. 


W 


warning: A signal word that is used to indicate 
a potentially hazardous situation which, if not 
avoided, could result in death or serious injury. 

work order: A form used for accounting purposes. 


Z 


zeotropic mixture: A refrigerant blend in which 
individual refrigerants of the mixture behave 
independently. 


A 

absolute pressure, 4 

access valves, 129—130 

accumulators, 155 

active recovery, 83 

advance notice of proposed rulemaking (ANPRM), 62, 63 

Air Conditioning and Refrigeration Institute (ARI), 84, 89, 226 

air-purifying respirators, 26 

air-supplied respirators, 26 

alkylbenzene, 45, 47 

American Society of Heating, Refrigeration, and Air 
Conditioning Engineers (ASHRAE), 30 

ammonia, 67 

ANPRM (advance notice of proposed rulemaking), 62, 63 

ANSI/ASHRAE safety groups, 29 

appliance classifications, 129 

apprentices, 70 

ARI (Air Conditioning and Refrigeration Institute), 84, 89, 226 

Artic Cup, 46 

ASHRAE (American Society of Heating, Refrigeration, and 
Air Conditioning Engineers), 15, 30 

atmosphere, 51, 51 

atmospheric pressure, 3, 3, 107, 108 

authorizing certificates (Canadian), 206—207, 207 

azeotropic mixtures, 43, 43 


barometers, 3, 3 

binary blends, 43, 43 

blends, 37, 43, 43 

boiling points, 3, 4, 42, 42, 107, 177 
bromine, 52 


c 


CAA (Clean Air Act) 
amendments overview, 64 
documentation form requirements, 32 
enforcement, 76 
Montreal Protocol and, 61 
prohibition on venting, 64-68, 66, 67 
recordkeeping, 76, 77 
refrigerant leaks, 71-72, 71 
safe disposal requirements, 72-74, 73, 74 
sales restrictions on refrigerants, 74-76, 74, 75 
Section 608, 64, 65 
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service practice requirements, 67—69, 68, 69 
technician certification, 69—70, 70, 71 
Canadian regulations, 197-212 
discharge of refrigerants, 197-199 
notices, 201, 201—204, 206, 206 
ozone-depleting substances (ODSs), 197, 198, 199 
records. See recordkeeping (Canadian regulations) 
refilling systems, 202, 202-203, 203 
servicing equipment, 199-200 
testing equipment, 199-200, 20/, 201 
carbon, 37 
centrifugal chillers, /7, 12 
centrifugal compressors, 14, 15 
certificates (Canadian), 206—207, 207 
certification 
of equipment, 88-89 
for owners, 89 
requirements, 21, 64, 69-72, 130 
for technicians, 130, 225—229, 228, 229, 230 
certification cards, 74, 75 
CFC (chlorofluorocarbon) chemicals, 52, 52, 54, 55, 57 
CFC (chlorofluorocarbon) refrigerants. See chlorofluorocarbon 
(CFC) refrigerants 
charging, 28, 67, 138-139 
high-pressure equipment, /63, 163 
low-pressure equipment, 180, /8/, 182, 183 
chemical gloves, 23, 26 
chillers, 10-17, 11, 181, 199, 204 
high- and low-pressure, 71, 11-17, 12 
high-pressure, 153 
chlorine, 37, 40, 52, 55, 55 
chlorine monoxide, 52, 53, 55 
chlorofluorocarbon (CFC) chemicals, 52, 52, 54, 55, 57 
chlorofluorocarbon (CFC) refrigerants, 38—39, 61, 64, 81, 
130 
defined, 38 
history of, 37 
molecular makeup, 37—39, 39, 40 
recovery of, 89, 132 
recycling of, 62 
sale of, 74—76 
shipping requirements, 131 
classification tags, 90, 9/, 132 
Class I substances, 39, 40, 81 
Class II substances, 41, 41, 81 
Clean Air Act (CAA). See CAA (Clean Air Act) 
Cleveland Cup, 46 
codes, 22 
compressed air, 28 
compressor discharge pressure, 7 
compressor oil, 182 
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compressors, 2, 2, 9, 9-15, 133 
centrifugal, 14, 75 
high-pressure systems and, 155, 158 
oil, 182 
operation of, 9, 9-10 
reciprocating, 11-12, 14 
rotary screw, 13 
screw, 11, 13 
scroll, 12-13 
compressor suction pressure, 7 
condensers, 2, 5, 14-15, 15, 133 
defined, 2, 2 
operation of, 5, 9, 10 
condensing mediums, 2, 5 
condensing points, 4 
containers 
Canadian regulations for, 204—205, 205 
color coding, 90, 90 
Department of Transportation (DOT), 32, 33 
disposable, 90 
hazard warnings and, 30, 37 
recovery type, 65, 133-134, 134 
reusable, 90-91, 9/ 
safety and, 32, 33 
shipping, 131-132, 132 
size restrictions and, 74, 74-75 
unloaders and, 12 
contamination, 85 
Copenhagen Revisions, 62 
cylinders. See containers 
cylinder unloaders, 12 


D 


danger tags, 27, 27 

decibels (dB), 24 

dehydration, 104- 105, 106, 162 

de minimis quantities, 64 

Department of Transportation (DOT), 90, 9/, 131 

deposit records (Canadian regulations), 205 

desiccants, 47 i 
discharge of refrigerants (Canadian regulations), 197—199 
display cooler refrigerant units, 159 

disposable containers (cylinders), 90, 90-91 

disposal of ODSs (ozone-depleting substances), 209 
disposal requirements, 64, 72-73, 73 

documentation forms, 32-33, 33 

DOT classification tags, 90, 9/7, 132 

DOT containers, 32, 33 

DOT (Department of Transportation), 90, 91, 131 


earmuffs, 25, 25 

earplugs, 25, 25 

ear protection, 24—25, 25 

electronic expansion valves (EXVs), 16—17 
electronic leak detectors, 96, 99 


Environmental Code of Practice for Elimination of Fluoro- 
carbon Emissions from Refrigeration and Air 
Conditioning Systems, 199, 200 

environmental hazards, 39, 40, 41, 56 

Environmental Protection Agency (EPA), 61, 64, 66-67, 102, 
225-226 

Class I substances, 39, 40 
Class II substances, 4/; 41 
enforcement, 76 
reclamation requirements, 86 
refrigerant oils, 46, 46-47 

equipment, 88—91, 129 
air conditioning, 64, 67 
certification of, 88-89, 89 
disposal requirements for, 64, 72—74 
evacuation of, 702, 102, 104—105, 106 
grandfathering, 89 
maintenance of, 64 
mechanical compression refrigeration systems. See 

separate entry 
motor vehicle air conditioners (MVACs), 69, 70 
MVAC-like appliances, 77, 78 
MVACs (Canadian regulations), 211-212, 2/2 
recovery. See recovery equipment 
recycling. See recycling equipment 
refrigeration, 64, 67, 100, 102 
replacement of, 78 
servicing of (Canadian regulations), 199-200, 2/2, 212 
testing of, 199—200, 201, 201, 212 
Type I. See small appliances (Type I) 
Type II. See high-pressure equipment (Type II) 
Type III. See low-pressure equipment (Type III) 
vacuum pumps, 95, 96 
ester, 45, 47 
ethane, 37, 40 » 
evacuation, 67—68, 87, 95, 102-105 
EPA requirements, 102 
equipment, 702, 102, 104-105, 106 
exceptions to EPA requirements, 68, 702, 102-104 
of high-pressure systems, 160—162, 161, 162 
of low-pressure systems, 183, 183 
requirements for, 67—68 
of small appliances, 133 
time factors and, 104, 106 

evaporating mediums, 3, 5 

evaporators 
defined, 2, 3 
for high-pressure systems, 155 
operation of, 5, 8—9, 9 
shell-and-tube, 17, 17 
for small appliances, 133 

excise taxes, 61 

expansion valves, 2, 9, 10 

explosion warnings, 22 

exportation, 61 

EX Vs (electronic expansion valves), 16-17 

eye protection, 24, 25 


F 


face shields, 24, 25 

filled-container labels (Canadian regulations), 204, 205 
filter/dryers, 155, 155 

fire extinguishers, 209, 2/0, 211 

fire points, 46, 47 

fixed leak detectors, 97, 99 

flash points, 46, 47 

fluorescent leak detectors, 96—97, 99 
fluorine, 37 

fluorocarbon refrigerants, 28, 37, 39 
foot protection, 26 

fractionation, 44 

freezers, 8, 9 

future planning, 78 


G 


gauge manifolds, 96, 98 

gauge pressure, 4 

global warming, 41, 57, 57 

global warming potential (GWP), 38, 42, 57, 57 
gloves, 23, 26 

glycol, 45, 47 

goggles, 24, 25 

grandfathering equipment, 89 

greenhouse gases, 38, 57 

GWP (global warming potential), 38, 42, 57, 57 


H 


halide torch leak detectors, 97 
halocarbons, 37—38, 197 
halogens, 37-38 
Halon™, 55, 81 
hand protection, 26 
hazard warnings, 30, 31 
HCFC (hydrochlorofluorocarbon) gases, 52, 57, 57 
HCFC (hydrochlorofluorocarbon) refrigerants, 37, 40-41, 
62, 130, 154 
head protection, 24, 24 
heat exchangers, /5, 15, 17, 17 
heat transfer, 5, 6 
heat transfer fluids, 65 
helmets, 23—24, 24 
HFC (hydrofluorocarbon) gases, 57, 57 
HFC (hydrofiuorocarbon) refrigerants, 37, 40—41, 62, 130, 154 
high-pressure equipment (Type II), 153-164 
accessories, 755, 155 
components, 155-156 
dehydration of, 162 
evacuation of, 160—162, /6/, 162 
leak testing, 158, 759 
nameplates, 153, 154 
oil foaming, 162-163 
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pressurizing with nitrogen, 162 
recovering refrigerant from, 156-160, 157, 160, 161 
refrigerants for, 42, 42—44, 153, 163, 163 
regulatory requirements for, 153-154 
service practices. See separate entry 
high-pressure chillers, 11 
high-pressure refrigerants, 42, 42—44, 153, 163, 163 
holding charges, 65 
hoses, 65, 100, 104, 735, 135 
hot gas discharge lines, 10 
hydrocarbon refrigerants, 67 
hydrocarbons, 37 
hydrochloric acid, 95 
hydrochlorofluorocarbon (HCFC) gases, 52, 57, 57 
hydrochlorofluorocarbon (HCFC) refrigerants, 37, 40-41, 
62, 130, 154 
defined, 40 
discontinuation of use, 62, 154 
history of, 37 
molecular makeup, 37, 39, 40—41, 41 
recovery requirements, 89, 132-133 
sale of, 74-76, 130 
shipping requirements, 131 
hydrofluoric acid, 95 
hydrofluorocarbon (HFC) gases, 57, 57 
hydrofiuorocarbon (HFC) refrigerants 
defined, 47, 41 
history of, 37 
molecular makeup, 37, 39, 41, 41 
recovery of, 89, 132 
sale of, 75 
as substitutes, 66 
hydrogen, 37 
hydrogen chloride, 54 
hydrostatic tube test kits, 182 


International Union of Operating Engineers (IUOE), 225 
ionosphere, 5/, 51 
isolation valves, 135 
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labeling containers, 30, 37, 90 

labeling containers (Canadian regulations), 204 

leak detectors, 96—99, 99, 158 

leaks 
high-pressure system tests, 158, 159 
low-pressure system tests, 181, 182-183 
regulations for, 64, 71, 71—72, 102, 153-154 
repairs, 133 

letters, submittal of (Canadian regulations), 204 

liquid-line filter/dryers, 755, 155 

liquid lines, 5, 86-87 


Technician Certification for Refrigerants 


lockout, 27, 27 
London Amendments, 62 
low-loss fittings, 65, 88, 88, 136 
low-pressure chillers, 11 
low-pressure equipment (Type III), 177-185 
charging procedures, 180, 787, 182, 183 
components, 178-179 
evacuation of, 183, 183 
leak testing, 181, 182-183 
oil removal, 182 
purge units, 179, 180, 185, 185 
recovering refrigerant from, 179-180, 781 
regulatory requirements, 178, 178 
service practices, 181-185, 183 
low-pressure refrigerants, 42, 42-44, 177-178 
lubricating oils, 73-74, 74 


M 


mechanical compression refrigeration systems, 2, 2—10 
applications, 8 
compressors, 11, 13 
heat transfer, 5, 6 
operation of, 8—10, 9 
pressure control, 5—8, 6, 7, 8 
mercury barometers, 3, 3 
metering devices, 16-17, 133 
methane, 37, 40 
Ministry of the Environment, 198 
mixed refrigerants, 132 
moisture-indicator sight glasses, 755, 155 
molecular makeup of refrigerants, 37—42, 39 
Molina, Mario J., 61 
Montreal Protocol, 61—62, 62 
motor vehicle air conditioners (MVACs), 69, 70 
motor vehicle air conditioners (MVACs) (Canadian regulations), 
211-212, 212 
MVAC-like appliances, 77, 78 


nameplates, 153, 154 
near azeotropic refrigerant mixtures (NARMs), 43 
NFPA hazard signals, 30, 37 
nitrogen 

in high-pressure systems, 162 

for leak testing, 97 

pressurizing systems with, 28, 28 

purging, 68, 69 

usage, 32 
noise reduction rating (NRR) numbers, 25 
nonhazardous waste disposal, 73—74, 74 
no-refrigerant notices, 206, 206 
notices (Canadian regulations), 199-204, 201, 206, 206 
NRR (noise reduction rating) numbers, 25 


O 


Occupational Safety and Health Administration (OSHA), 23, 66 
ODP (ozone depletion potential), 38, 57, 57, 64 
ODSs (ozone-depleting substances). See ozone-depleting 
substances (ODSs) 
oil foaming, 162-163 
oils 
compressor, 182 
lubricating, 73-74, 74 
refrigerant, 45—47, 47, 48, 109 
Omnibus Budget Reconciliation Act of 1989, 61 
orifice-type metering devices, 16 
OSHA (Occupational Safety and Health Administration), 23, 66 
out-of-province certificates, 207, 207 
owner responsibilities, 89 
owner responsibilities (Canadian regulations), 202, 203, 204 
oxygen, 28, 51 
ozone, 51, 51—56, 52, 53, 56, 57 
ozone-depleting substances (ODSs), 39, 64, 197-199, 
208-210 
Canadian regulations, 197, 198, 199, 208-210, 210 
Class I substances, 39, 40 
Class II substances, 4/, 41 
handling of, 64, 65 
ozone depletion potential (ODP), 38, 57, 57, 64 


passive recovery, 82, 136 

perfluorocarbons (PFCs), 42, 42, 66, 89 

permitted refrigerant releases, 64-65, 66 

personal protective equipment (PPE), 23, 23-26, 24, 25, 26 
PFCs (perfluorocarbons), 42, 42, 66, 89 

piercing access valves, 129-130, 130 

planning for the future, 78 

possession of refrigerant, 208, 208-211 

pour points, 46, 47 

PPE (personal protective equipment), 23, 23-26, 24, 25, 26 
pressure, 3, 3—8, 6, 7, 8 

pressure readings, 133-134, 134 
pressure-temperature (P-T) charts, 107, 108, 134 
pressure-temperature (P-T) relationships, 3, 107, 108 
pressurizing appliances, 28, 28 

prohibition on venting, 64-67 

protective clothing, 23 

protective helmets, 23, 24 

P-T (pressure-temperature) charts, 107, 108, 134 
P-T (pressure-temperature) relationships, 3, 107, 108 
purge units, 179, 780, 185, 185, 199, 199 

purging, 69 

purity specifications, 84 


receivers, 155, 155 
reciprocating compressors, 11—12, 14 


reclaimers, 64, 85 
reclaiming refrigerants, 68-69, 81, 84-86, &5 
recordkeeping, 75-76, 77 
recordkeeping (Canadian regulations), 200-206 
deposits, 205 l 
filled containers, 204, 205 
information documented, 200 
no refrigerant, 206, 206 
owner responsibilities, 202, 203, 204 
refilled small systems, 202, 202 
refrigerant classifications, 200 
sale of refrigerants, 204—205, 206 
testing notices, 20/, 201 
transferred refrigerants, 204 
recovering refrigerants, 81—83, 82, 83 
high-pressure equipment, 156-160, 157, 160, 161 
low-pressure equipment, 179-180, 181 
precautions, 99, 100 
procedure, 100-101 
small appliances, 88, 88, 136-137, 137 
speed of, 158-159, 160 
recovery cylinders, 65, 133-134, 134 
recovery equipment, 65, 83, 83-84 
certification requirements, 88, 88—89, 89, 130, 131 
components, 156, 156 
for disposal or refrigerants, 72-73, 73, 
for high-pressure equipment (Type II), 156, 156—158, 157 
precautions, 99, 100 
for small appliances, 132-136, 137 
versatility, 107 
recycling equipment, 83-84, 84, 88-89, 107, 156-157 
recycling refrigerants, 68, 81, 83-84, 84, 179 
refilling systems (Canadian regulations), 202, 202-203, 203 
refrigerant blends, 37, 43, 43 
refrigerant oils, 45-47, 47, 48, 109 
refrigerant retrofits, 44 
refrigerants, 2, 37-47, 130 
applications, 38 
boiling points, 42, 42 
delivery of, 208, 209 
evacuation levels, 87 
flammability, 182 
handling options, 87, 87 
high-pressure, 42—44, 153 
history of, 37-47 
labeling, 90 
leaks. See separate entry 
low-pressure, 42—44, 177-178 
mixtures, 85, 90, 132 
molecular makeup, 37-42, 39 
permitted releases of, 64, 66 
reclaiming, 68—69, 81, 84-86, 85 
recovering. See recovering refrigerants 
recycling, 68, 81, 83-84, 84, 179 
regulatory requirements, 61-78, 130-132 
safety, 28—31 
sale of, 64, 74, 74—76 
sampling, 107, 107 
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for small appliances (Type I), 130 
substitution of, 44, 45, 66, 66-67 
transportation of, 90, 97, 131-132, 132 
waste (Canadian regulations), 209 
Refrigerant Transition and Recovery Certification card, 227 
refrigerant units, 159 
refrigeration, 1 
refrigeration systems 
defined, 1 
safety precautions, 32 
operation, 8—10, 9 
pressure control, 6, 5—8, 7, 8 
regulatory requirements, 61-78, 178 
relief valves, 32, 155 
repairs, 133, 178, 178 
respirators, 23, 26, 26 
retrofits, 44 
reusable containers (cylinders), 90, 90-91, 91 
Right to Know (RTK) information, 30 
R-134a refrigerant, 158-159 
rotary screw compressors, 13 
Rowland, F. Sherwood, 61 
rupture discs, 179-180, 184, 184 
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saddle-type access valves, 130 
safety, 21—33 
classifications, 29 
codes and standards, 22, 30-31 
documentation forms, 32—33, 33 
labels, 22, 22-23, 30 
lockout/tagout, 27, 27 
personal protective equipment (PPE), 23, 23-26, 24, 25, 26 
precautions, 33 
refrigerant handling, 28-31, 37 
safety data sheets (SDSs), 29, 30 
safety glasses, 24, 25 
sale of refrigerants, 64, 74, 74-76 
sales records (Canadian regulations), 204-205, 206 
sampling refrigerants, 107, 107 
SCBAs (self-contained breathing apparatuses), 29 
Schrader valves, 86, 130, 134, 135 
screw compressors, 11, 13 
scroll compressors, 11, 12—13 
SDSs (safety data sheets), 29, 30 
Section 608 of Clean Air Act (CAA), 64, 65 
self-contained breathing apparatuses (SCBAs), 29 
service apertures, 129 
service practices 
high-pressure equipment. See high-pressure equipment 
(Type ID 
low-pressure equipment, 181-185, 183 
small appliances, 133-137 
service requirements, 67 
servicing equipment (Canadian regulations), 199-200, 212, 212 
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shell-and-tube heat exchangers, 14-16, 16, 17 
shipping refrigerants, 90, 9/, 131-132, 132 
shipping refrigerants (Canadian regulations), 209, 209 
signal words, 22, 22 
Significant New Alternatives Policy (SNAP), 67, 67 
small appliances (Type I), 129-139 
components, 133 
cylinder pressure readings, 133-134 
disposal of, 132-133, 133 
leak repairs, 133 
pressure readings, 133-134 
recovering refrigerant from, 136-137, 137 
regulatory requirements, 130-132, 133 
service practices, 133-138 
SNAP (Significant New Alternatives Policy), 67, 67 
solderless-type access valves, 130 
speed of recovery, 158-159, 160 
standards, 22 
storage of ODSs (ozone-depleting substances), 209 
stratosphere, 51, 51-52, 56 
subcooling, 10 
substitute refrigerants, 44, 45, 66-67 
suction line accumulators, 155, 155 
suction lines, 9 
suction ports, 86-87 
superheat, 8 
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tagout, 27, 27 
technicians, 21, 69-70, 130, 225-229 
certification of, 225-229, 228, 229, 230 
and changes in regulatory requirements, 130 
included activities, 69-70, 70, 71, 87, 87 
skills, 225, 226 
in violation of Clean Air Act, 76 
temperature glide, 44 
ternary blends, 43, 43 
testing 
for certification, 225—229, 226, 228, 229, 230 
equipment (Canadian regulations), 199-200, 212 
leakage, 158, 159, 181, 182-183 
notices for (Canadian regulations), 20/, 201 
thermodynamics, 1 
thermostatic expansion valves (TXVs), 16, 155 
tools, 95—99, 96, 98, 99 
transfer of ODSs (ozone-depleting substances), 209 
transfer records (Canadian regulations), 204 
transporting refrigerants, 90, 97, 131-132, 132 
transporting waste (Canadian regulations), 209 
troposphere, 51, 51-52, 57 
TXVs (thermostatic expansion valves), 16, 155 
Type I equipment. See small appliances (Type I) 


U 


ultrasonic leak detectors, 97, 99 
ultraviolet (UV) radiation, 51—53, 52, 53, 54 


V 


vacuum, 3, 3 

vacuum pumps, 95, 96, 105 
valves, 129—130, 134, 135 
variable frequency drives, 14 
venting prohibition, 64—67, 66 
vertical receivers, 155, 155 
violation of Clean Air Act, 76 
viscosity, 46, 47 


W 


waste handling 
nonhazardous waste disposal, 73-74, 74 
reclaimer certification, 85 
refrigerant oil, 46-47, 48 
refrigerants, 64 
waste handling (Canadian regulations), 209 
work orders, 33 


Z 


zeotropic mixtures, 43-44, 44 


Type II equipment. See high-pressure equipment (Type IT) 
Type III equipment. See low-pressure equipment (Type III) 
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Technician Certification for Refrigerants provides information on the recovery of refrigerants from air conditioning and 
refrigeration equipment. This third edition is specifically designed and organized for easy use in preparation for Type |, Type Il, 
Type Ill, and Universal 608 refrigerant certification card tests and the Canadian ozone depletion potential (ODP) certification 
card test. Vignettes on technical topics, Environmental Protection Agency (EPA) standards, and common refrigerant recovery 
and charging procedures are located throughout the book to enhance understanding of the content covered. 


Key features of this new edition include the following: 


e Canadian ODP certification standards 

e Sample Canadian certification card test 

* Updated refrigerant information 

e Step-by-step procedures of refrigerant recovery and system evacuation operations 


This book includes information on the latest generation of refrigerants and the most current EPA and Environment Canada 
standards and regulations. Chapters 1-7, 9, 11, 13, 15, and 17 offer a comprehensive learning experience. Chapters 8, 10, 
12, 14, and 16 contain hundreds of updated sample Type |, Type Il, Type Ill, 608, and Canadian certification test questions. 
Chapter 18 is a sample Universal certification test that has also been updated for the third edition. 


Quick Quizzes® 
\tustrated Glossary 

Flash Cards 

Sample Certification Tests 
Interactive Animations 
Step-by-Step Procedures 
Compliance Forms 

Media Library 
ATPeResources.com 


The Digital Resources included with the textbook feature the following: 


e Quick Quizzes® that provide 10 interactive questions for each chapter to reinforce fundamental concepts 
e An Illustrated Glossary of terms, with links to selected illustrations 
á * Flash Cards for the review of common refrigerant and HVAC terms, definitions, and refrigeration system test tools 


e Sample Certification Tests organized into five 25-question tests that provide practice with refrigeration certification tests 
in the United States and refrigerant-handling certification tests in Canada 


© Interactive Animations that present refrigerant recovery procedures for Type | and Type Il refrigeration systems per Section 608 of 
the Clean Air Act 

* Step-by-Step Procedures that cover common refrigerant-handling tasks with drawings and concise text 

e Compliance Forms that provide documentation for purchasing and working with refrigerants 

¢ A Media Library that depicts principles and tasks using media clips and animations 


e ATPeResources.com, which provides a comprehensive array of instructional resources 


x . p <. = - + ed © 
| Sis i 


ISBN 978-0-8269-0726-4 


| | | i 
9 780826 907264 


è ~ 


IM 


